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INAUGURAL ADDRESS 

BY THE PRESIDENT, 

Sir E. leader WILLIAMS, 

M.Inst.C.E., M.Inst.M.E., &c., 
DELIVERED SATURDAY, 12th JANUARY, 1895. 



In pursuance of the usual custom I have now the pleasure of 
delivering the annual address, and also of thanking you for the 
honour you have conferred upon me by electing me your 
President for the coming year. 

It has to some extent been customary to review the improve- 
ments in engineering science since the last address, but on this 
occasion, I shall confine myself to the branch of our profession 
in which I have been most closely engaged. 

In the limited time at my disposal, I can only give a brief 
epitome of two of the great works that have been carried out 
successfully during the last twenty-five years, the Suez and the 
Manchester Ship Canals. 

Lord Bacon wrote : ** There be three things which make a nation 
great and prosperous — a fertile soil, busy workshops, and easy 
conveyance for men and commodities from one place to another.*' 
Surely the sea and inland navigations fulfil the last require- 
ment. I cannot here help also quoting a passage from the first 
prospectus of the Liverpool and Manchester Eailway, which 
appeared in the Times of December 29th, 1825, as the language 
used applies equally to water-ways as to railways. 

EXTRACT FROM **THE PROSPECTUS OF THE LIVERPOOL AND 
MANCHESTER RAILWAY COMPANY. 1825." 

" Moreover, it would be to take a very narrow and imperfect view of the 
" great question now under discussion to limit our consideration to the 
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2 INAUGURAL ADDRESS. 

"immediate accommodation of the mercantile classes — to the pecuniary 
'* saying proposed to the travelling community — or even to the still more 
*' important saving to the consumer of coals, and of every description of 

goods conveyed between Liverpool and Manchester. The question 
' demands a wider survey and the consideration of more distant results. 

We must contemplate the important effects upon the commerce of the 
*' nation which are to be anticipated on the one hand, from affording, or, on 
" the other hand, from denying, facilities to the commercial operations of 
" this great country. 

** But the subject does not end here. It becomes a question of serious 
** import whether this country, which is indebted for so much of her wealth 
*' and power and greatness to the bold and judicious application of 
" mechanical science, shall now pause in the career of improvement, while 
** it is notorious that other nations will adopt the means of aggrandisement 
*' which we reject ; whether England shall relinquish the high vantage- 
•* ground which she at present possesses, not more with reference to the direct 
** operations of commerce and manufactures than generally in the successful 
*' application of the most important principles of science and of art.*' 

The Early History of Canals is a matter of some interest. 
The advantages of Inland Navigation were obviously so great, 
that the Boyal Canal in China was constructed as early as 
the year 980. Its length is upwards of 825 miles, with many 
branches in addition to the main canal. It occupied 80,000 men 
for 48 years in construction. The Suez and the Corinth Canals 
almost traverse the same ground that was occupied by early 
canals of smaller size. In England the Romans constructed 
canals, one of which, the Foss Dyke Navigation, still is used. 
It connects the river Witham at Lincoln with the river Trent 
at Torksey. 

The introduction of Locks enabled Canals to be constructed 
through a country requiring different levels, thus saving great 
cost in excavation. There is some doubt as to the date of their 
introduction. Flashes in rivers were used before locks were 
invented, which appears to have been in Italy in the 15th 
century. In the year 1481, two brothers of Viterbo, named 
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Domenico, watch makers, designed a chamber with a double 
pair of gates for canals, and it was adopted in the canal della 
Martesana. 

THfi SUEZ CANAL. 

No waterway is more important to commerce than this Canal, 
it being the complete fulfilment of the early canals made across 
the same isthmus so far back as the reign of Darius. Napoleon, 
during the invasion of Egypt, had a survey made for a Canal, 
but the works of the Canal were not carried out, mainly owing 
to the erroneous levels, which were said to have proved that the 
Bed Sea was 30 feet above the level of the Mediterranean. 

Surveys were made by Captain Chesney in 1830, and by 
Mr. Robert Stevenson in 1847, with the object of determining 
the correct levels and the best line for the Canal. 

From 1849 to 1854, M. de Lesseps and his Enpfineers were 
occupied in maturing the project. In 1865 an International 
Commission was formed to examine the proposed course. The 
English Engineers were Eobert Stevenson, A. M. Eendel and 
J. R. McClean. The Commission agreed that a Canal was 
practicable, but they differed as to line of route and the level of 
Canal. The English Engineers were of opinion that the level 
should be raised twenty-five feet above sea level by locks at each 
end of the canal. The Canal was to be supplied with water 
from the river NUe. 

This high-level Canal would have been nearly all excavated 
above the natural drainage of the country, and the embankments, 
it was estimated would require 70 million cubic metres of exca- 
vation. The English Engineers considered that the proposed 
low-level canal would rapidly silt up ; that a channel could not 
be maintained by dredging at Port Said ; that there would be 
deposits of salt through evaporation of the salt water, and that 
there would be currents of considerable velocity in the Canal. 
Time, however, has proved these predictions to be erroneous; 
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if the high-level canal had been adopted the safety of the canal 
would have depended upon the embankments, and much silting 
would have taken place from the constant supply of water from 
the river Nile. 

The Suez Canal is the only large Ship canal at one uniform 
level without locks. The failure of the Panama Canal was largely 
due to M. de Lesseps attempt to apply this system where it 
was not properly applicable. During M. de Lesseps last visit 
to Manchester I had several conversations with him in reference 
to the Panama Canal. The capital had not then been raised 
for the works of the Manchester Ship Canal, but we were over- 
looking the site of the canal and docks at Manchester, discussing 
the question of locks in ship canals. 

M. de Lesseps said his success on the Suez Canal was such 
as to prove that the Panama Canal could be constructed and 
worked without locks. I replied the two cases were not similar. 
His answer was that the English engineers were wrong as to 
the Suez Canal, and locks were not necessary at Panama. Li 
1888, however, the original plans of the Panama Canal had to 
be altered, and eight locks were designed to reduce the amount 
of the great Culebra excavation. This alteration was too late 
to save the canal. 

M. de Lesseps did not dispute the advantage of locks on the 
Manchester Ship Canal, as the raising of the water to a level 
which admits of shipping lying on the canal, alongside wharves 
or works, at a suitable height above the canal for loading or 
discharging, was, he considered, a great advantage in a canal 
which is virtually an elongated dock. 

The Suez Canal starts at Port Said on the Mediterranean, 
and runs nearly due south to Suez on the Bed Sea, with a 
slight deviation in its course to enable it to traverse the Bitter 
and other lakes. Its length is about 100 miles, and it was 
originally formed to a bottom width of 72 feet, and a depth of 
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26 feet. The gauge of a canal for Davigation purposes is the 

depth and the bottom width ; the sides may ohange from being 
ahnost vertical to a very flat slope, and therefore the top width 
may be very variable, depending upon the character of the soil 
through which the canal is constructed. 

The excavation of the Suez Canal for the first 45 miles from 
Port Said very little exceeded the 26 feet of depth required for 
the canal ; parts of the Bitter Lakes required no dredging. 

The deepest cutting was 85 feet. The material was generally 
sand, with some clay. At the Chatough cutting, south of the 
Bitter Lakes, rock was found. The total amount of excavation 
was nearly one hundred million cubic yards. A freshwater 
canal from the Nile had to be constructed for carriage of 
materials and the supply of fresh water. 

At Port Said a harbour was formed by constructing two long 
converging piers, one on either side of the canal entrance, 
projecting into the Mediterranean so as to prevent the silt 
flowing from the Nile blocking up the mouth of the canal. By 
dredging, deep water is maintained in the harbour. At the 
other end of the Canal, in the Bed Sea, an embankment and a 
pier protect the entrance. 

If the Suez Canal could have been cut in a direct line by the 
shortest route, its length would have been only 70 miles ; the 
increase to nearly 100 miles is due to the French engineers 
taking advantage of the beds of the lakes Menzaleh, Ballot, 
Timsah and the Bitter Lakes, thus facilitating the work by 
greatly diminishing the amount of excavation. 

Lake Timsah and the Bitter Lakes were quite dry before the 
cutting of the canal, and were filled with water from the Red 
Sea and Mediterranean. No less than 60 dredgers were 
employed in dredging a deep channel through those lakes, or on 
other parts of the canal. 
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The bottom width is not sufficient to enable large vessels to 
pass each other, therefore, specially designed passing places are 
provided. As the traffic has so largely developed, the canal is 
being dredged out to a greater width, and the depth is being 
increased to 28 feet. The maximum draught now allowed is 
26ft. Tin. ; it was formerly 24ft. Tin. The total number of 
ships that passed through the canal in the year 1898 was 8,841, 
but only 164 exceeded 24 ft. T in. draught. 

The first sod of the Suez Canal was cut on the 26th April, 
1869. The Company had for the first four years a supply of 
from 15,000 to 20,000 men found by the Egyptian Government. 
These were withdrawn in 1864, but the Government paid the 
Canal Company an indemnity of £1,520,000, and it also gave 
up customs dues on the Canal Company imports, tolls on the 
Freshwater canal, quarries, storehouses, &c. 

The contracts were let for £4,588,800, but the total cost of 
the canal is nearly £20,000,000. The cost of the work now in 
progress for enlarging the canal is estimated at £8,000,000. 

The canal was partially opened in 1869 and was completed 
before the end of that year. In 18T0 the number of ships 
passed through the canal was 65T, in 1891, 4,20T. The transit 
receipts in 18T0 were 5,159,82T francs, in 1891, T0,66T,861 
francs. The number of passengers carried is nearly 200,000 a 
year. Out of the total net tonnage in 1898, T,659,068 tons, no 
less than 5,T52,984 tons were carried in British ships. 

In 1888 the average time of duration of passage was 48^ 
hours. Owing to the adoption of the electric light and working 
by night, the average time has been reduced to 20f hours. The 
work now in hand for enlarging the canal will further diminish 
this time. 

M. de Lesseps originally named three million tons as the 
amount that would annually pass through the canal. In 1868, 
before the opening of the canal, his faith in his enterprise was 
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increased and he named six million tons. The actual quantity 
has averaged eight million tons nett during the years 1890 to 
1894. 

The Suez Canal has been a great financial success. It took 
several years to develop the traffic, but it paid such high 
dividends that a reduction of tolls has been made and pilotage 
dues are not now charged. 

Before the canal was constructed the ** Edinburgh Review " 
stated the canal was *' utterly impracticable." The <' Quarterly 
Review" said it was "commercially unsound." The result, 
however, remains that it has been successfully constructed ; it 
has tended greatly to advance the trade of the world, and more 
particularly that of the British Empire, and, although the 
Capital of the Company has been increased to twenty millions 
sterling, the twenty pound shares are now selling at upwards of 
one hundred and twenty pounds each. 

THE MANCHESTER SHIP CANAL. 

The work I now propose to deal with, is one with which my 
name is identified, but I shall ever remember that the successful 
completion of the canal is due to the combined energy of men 
who have given much time and money to the undertaking, and 
also to the way in which the staff of the Company have worked 
together from first to last. 

The tidal scheme of Mr. Fulton was abandoned by the pro- 
moters of the canal after my plan of a locked canal was approved 
by Mr. Abernethy. Three severe Parliamentary contests 
followed, when powers were obtained to carry out the work. It 
is worth noting that in the Session of 1888 the Bill passed the 
House of Commons, in 1884 the House of Lords, and in 1885 
the Act was obtained, as it passed both Houses in the same 
Session ; thus the Ship Canal obtained the approval of both 
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Houses of Parliament twice over, during three successive 
Sessions. 

The original scheme was to utilise the tideway of the Mersey 
to Buncorn, from whence a locked canal passed inland to near 
Warrington, and then up the Mersey and Irwell valleys to 
Manchester. The strong opposition of Liverpool to the tidal 
portion of the scheme caused the promoters to adopt a plan by 
which the canal was carried along the Cheshire side of the 
estuary. It was originally proposed to have the canal 20ft. deep 
and 100ft. wide at bottom ; this was to reduce cost, but 
experience has already proved the advantage of the increased 
size adopted, 120ft. bottom width and 26ft. depth, without which 
the largest class of vessels could not have used the canal. The 
lock sills are 28ft. below ordinary water level, to allow of dredg- 
ing to that depth if hereafter thought advisable. 

The soil through which the canal was excavated was of a 
most varied character. Hard and soft sandstone rock, boulder 
and other clays, gravel and sand, loam and silt, alternating in 
layers, without any regularity either as to position or depth. It 
is almost always the case to have this difficulty in large river 
valleys, and the rapid changes made it very difficult to estimate 
the slopes required before the work was partly completed and 
the various strata laid open. At Latchford, within a short 
distance in the heavy rock cutting, the rock altogether dis- 
appeared, and was not found by a boring sunk 100ft. below the 
bottom of the canal, although the canal had been cut through 
the rock for a mile, almost close on either side of the boring. 

It has been asked why not have taken the canal through 
higher ground, and so avoid the great difficulty of cutting a 
large canal subject to heavy floods ? I have not, however, yet 
heard how then the supply of water was to be obtained at any 
reasonable cost, or how the railways were to be carried over 
the canal. By utilising the vjilleys river water is obtained — 
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not of the desired quality, alas ! — and the railways are taken 
over the canal at a much less oost than hy any other plan. 

For the first three years, when the late Mr. Walker was 
carrying out the work, no floods of any importance occurred. 
As soon as the Company took possession of the works great 
floods did most serious damage, and caused great delay and cost. 

The question of the materials to be used for the construction 
of the docks and locks was an important one, not only as regards 
strength and cost but with reference to time, and getting the 
materials on the ground. 

Stone was used from many quarries in Cornwall, Wales, 
Yorkshire and Cheshire ; bricks were made on the works, good 
clay having been found. 450,000 bricks per week were 
made at the Thelwall brick yard, and 70,000,000 of bricks were 
used on the works of the canal. By adopting Portland cement 
concrete for the main part of the walls of docks and locks, 
it was possible with the assistance of 280 miles of railway, 
178 locomotives, and 6,800 trucks and wagons to complete the 
work in a reasonable time. 

It was considered that the work might be finished in from 
four to five years, but owing to the unforeseen difficulties and 
delays it took six years to complete the canal. 

For the excavation of the canal nearly 100 steam excavators 
of various types were employed, some of which were constructed 
in France and Germany. 

The rate of excavation varied from f to IJ million cubic 
yards per month. As much as 2,400 cubic yards was 
excavated in ten hours by the German excavators, but their 
average would be less than 2,000 cubic yards. Like the French 
type of excavators they are land dredgers suitable only for soft 
soil. The English excavators have in good soil at times reached 
nearly 2,000 cubic yards per day, but their average in all soils 
would be about 700 cubic yards. They are, however, capable 
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of excavating very hard material, and even rock, when powder 
is used in advance of the excavator. There were 194 steam 
cranes, 182 portable and other steam engines, and 209 steam 
pumps employed on the works, and they consumed about 10,600 
tons of coal per month. 

The deepest cutting was near Buncom where, for a short 
distance, the depth is 66 feet. The largest cutting was at 
Latchford where, for a distance of 1| miles, the depth averages 
65 feet. 

The slopes of the cuttings vary with the nature of the soil, 
from 1 to 1 to 2 to 1. In the rock cuttings the sides are nearly 
vertical. 

The total amount of excavation in the canal and docks 
amount to about 60,000,000 cubic yards, 10,000,000 cubic yards 
of which is sandstone rock. The spoil from the canal was used 
in filling up the river bends which are cut off by the canal, 
and in raising the low-lying lands near so as to make them 
available for being used for shipbuilding and other purposes. 

The entrance locks at Eastham are three in number, of 
various sizes, viz. : — 

600 feet long by 80 feet wide. 
860 do. 60 do. 

160 do. 80 do. 

and in addition there are two sluices of 20f(;. wide each, for 
assisting to fill the canal, the water level of which will be 
14ft. 2in. above the Old Dock Sill at Liverpool, which is about 
the level of mean high water. 

This group of locks can admit a very large amount of shipping 
every tide, more particularly as on all tides above the ordinary 
level of the canal all the lock gates are open for a considerable 
period before high water. Spring tides rise 5ft. to 7ft. above 
the ordinary level of the tidal portion of the canal, which 
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extends to the next group of locks at Latchford, a distance of 
21 miles. 

The total length of the canaJ is 85 i miles. From Latohford to 
Manchester (a distance of 14^ miles) the canal is filled with the 
waters of the Eivers Mersey, Irwell, Bollin and Glazebrook. The 
canal being designed to take the place of the Eivers Irwell and 
Mersey from Manchester to Latchford, it thus becomes a canalised 
river, continuing to be the main drain for Lancashire and 
Cheshire, large sluices being provided at each set of locks to deal 
with land floods and surplus water. Owing to the sewage of 
Manchester, Salford, and all the other towns on the Rivers Irwell 
and Mersey and their tributaries being allowed to flow into the 
rivers without purification, the state of the water has become 
very bad. Salford has now completed a system of intercepting 
sewers, and is about to purify the sewage at works constructed 
at Mode Wheel. Sewage works are now being constructed by 
Manchester, and as the turning of crude sewage into rivers or 
streams is contrary to the law as well as injurious to health, 
the other towns above Manchester must take immediate steps 
to prevent their sewage polluting the canal. Some of them 
have now got this necessary work in hand. 

In the tidal portion of the canal between Eastham and 
Latchford, 12 miles are inland, and 9 miles on the foreshore 
or bed of the tideway ; on this portion embankments have been 
formed. Where the foundation is rock or clay, they are 
formed of clay hearting protected by heavy stonework. The 
embankments are generally 80ft. wide at the upper surface, with 
outside slopes of 1^ to 1, and inside slopes of 1 to 1. At 
Runcorn, where the Mersey is not so wide as lower down the 
river, instead of an embankment a concrete wall is constructed. 

In addition to the locks and sluices at Eastham to allow of 
the flow of the tide into and out of the estuary portion of the 
canal, when the tide rises above the ordinary water level, three 
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weirs, each 600ft. long, are oonstrnoted in the embankments. 
In the embankment opposite the River Weaver, 10 large sluices, 
each 80ft. wide, have been built to allow of the passage of the 
Weaver water out of the canal. These sluices are also used 
for tidal flow. They are on Stoney's patent, working on a 
movable frame of rollers, and being balanced, they work with 
great ease, only requiring slight power to lift them. 

The River Weaver embankment pens the water up that river 
to Frodsham, a distance of three miles from the canal, thus 
forming a large sheet of water available, after dredging, as a 
dock, for vessels of any size. This large dock is joined to the 
Weaver Navigation by a lock 229ft. long by 42ft. wide, which 
admits the salt trade of Cheshire to the Ship Canal. Large 
locks are built in the embankments at Weston Point and 
Buncom, to allow coasters and barges to enter and leave the 
canal to and from the docks at those points. 

The shipping at Ellesmere Port uses the canal and locks to 
Eastham, this arrangement having been made to avoid the 
construction of a lock in the embankment at Ellesmere Port as 
originally proposed. 

At Ellesmere Port there is an embankment faced with stone, 
one mile long, across an embankment of the estuary. On each 
side of the foot of this embankment close timber piling is 
driven, consisting of pine piles 18 to 14ins. square and 85ft. 
long. Over 18,000 of these piles have been driven through 
sand without any trouble, by the use of the water-jet principle. 
Four steam-pumps were used, which delivered the water at a 
pressure of about 801bs. per square inch through 2in. india- 
rubber pipes to the pile, where it was attached to a l^in. 
wrought iron pipe which was put down under water pressure 
alongside the pile. With this assistance the steam pile engines 
quickly drove the pile, which without the disturbance caused by 
the water-jets in the sand could not be driven. 
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The total rise from the ordinary water level of the oanal at 
Eastham to the docks at Manchester is 60ft. Gin. This rise 
divided between the four sets of locks gives an average rise of 
about 15ft. l|in. 

All the lock gates are constructed of green-heart, a very hard 
wood imported from Demerara, which has been found by 
experience to be exceedingly durable. Being of wood, they are 
less liable to damage than those made of iron, being less easily 
damaged by ships striking them. 

The gates are worked by hydraulic power provided at each 
set of locks, the engines and machinery having been constructed 
by Messrs. Sir W. G. Armstrong, Mitchell, & Co. 

To let off flood and other spare water, sluices on Stoney*s 
patent are provided, similar in size and design to the sluices 
erected at the mouth of the Biver Weaver. There are four 
of these sluices erected by the side of the locks at Mode Wheel 
and Barton, and five at Irlam. At Latchford, only three are 
required, as the flood waters of the Mersey also flow down the 
river channel through Warrington from the point above Latch- 
ford, where the canal leaves the river, taking an independent 
course inland until it enters the Mersey again at Runcorn. 

Near Warrington where the railway lines of the London and 
North-western and Great Western railways cross the canal, they 
are raised by the construction of high level deviation railways 
(about li miles long on each side of the canal) so as to allow of 
shipping passing under the railway bridges. 

The railways between Warrington and Stockport, and the 
Cheshire Lines Railways near Irlam have similar deviation 
railways at a high level. The total length of railway deviations 
constructed is 11^ miles. 

The railway viaducts over the canal are in most cases con- 
siderably on the skew, and the clear spans of the openings vary 
from 266ft. to 187ft., these large spans being necessaiy to 
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enable the Ml navigable width of 120ft. being maintained for 
the canal under the bridges. 

There are two high level road bridges and six swing road 
bridges between Buncom and Barton ; the span of these bridges 
is in all cases not less than 120fi;. The minimum headway 
under the high level railway and road bridges is 76 feet. 

The swing bridges are worked by hydraulic power, as well as 
the movable aqueduct, which will enable vessels with fixed 
masts to pass through the Bridgewater Canal at Barton. This 
work has two openings of 90ft. each, which are crossed by a 
long iron caisson resting on a central pier. The caisson is 
filled with water to the same depth as the Bridgewater Canal, 
and boats pass along it over the Ship Canal. When vessels on 
the Ship Canal have masts too high to pass under the caisson 
it is opened like a swing bridge, the water being retained in 
the caisson by gates at either end. Similar gates are used at 
either end of the aqaeduct leading to the movable caisson to 
maintain the water in the Bridgewater Canal. 

The docks at Manchester have an area of water space of 114 
acres, the area of quay space being 162 acres. The length of 
quays is 6^ miles. At Partington the canal is widened out to 
allow steamers to lie on either side, and branch railways are 
constructed with hydraulic coal tips to enable either Lancashire 
or Yorkshire coal to be expeditiously loaded into shipping. 

Great credit is due to Messrs. Handyside & Co., of Derby, for 
the satisfactory way in which they carried out the work of the 
Barton Swing Aqueduct, which was a difficult work, requiring 
great accuracy in its various gates. All the hydraulic machinery 
supplied by Messrs. Sir W. G. Armstrong, Mitchell & Co., 
including 7i miles of pipes working at a pressure of TOOlbs. to 
the inch, has proved fully equal to its work, and has sustained 
their well-known reputation. 
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When I read a paper on the Ship Canal before the Fourth 
International Congress of Inland Navigation, held at Manchester 
in 1890, 1 stated many of the facts relating to the canal named 
in this address. I said steamers would be able to navigate 
day or night, using the electric light. This has proved to 
be correct, even where vessels have not on board the electric 
light, which is provided as fixed light at the docks and locks. 
I, however, named ten hours as the time steamers would 
require to traverse the canal ; the result is, that time is seldom 
taken, the passage generally averaging seven to eight hours, 
passenger steamers even taking considerably less time. Messrs. 
Bums' steamers working between Manchester and Glasgow, 
have averaged on 286 passages made during tbe year 1894, only 
6 hours 83 minutes — 117 passages were made at night. 

Most of the members of our Association are Mechanical 
Engineers, and for details of the machinery employed on the 
Ship Canal I must refer them to a paper I read before the 
Institute of Mechanical Engineers, at their meeting at Liverpool 
in July, 1891. Time will only allow me to repeat some remarks 
I made at the close of the meeting, which are equally applicable 
on the present occasion. 

'< Years ago, before I had the honour of being elected a Member 
of this Institution, I little thought that in days to come I should 
have to depend so much upon mechanical appliances in carrying 
out a great work like the Ship Canal. It was interesting to me 
as a civil engineer to notice how, in the very commencement of 
this great work of construction, as well as in carrying it out 
afterwards, it was necessary to have recourse so largely to 
mechanical engineering. The Ship Canal, if it had had to depend 
upon manual labour, would never have been carried out. The 
mere loss of interest on capital during construction was so great 
that everything possible had to be done to push the work forward 
in tbe most rapid manner. The difficulties encountered were the 
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very things which it was the engineer's trinmph to surmount. 
Upon this great work every man who had offered himself had 
heen employed ; from 16,000 to 17,000 was the largest number 
ever engaged, but more could have been employed if they had 
been forthcoming. Therefore, it could not be said in this case 
that the employment of such a great quantity of machinery 
had in any way interfered with labour : in fact, but for the 
machinery, there would have been no employment of labour, 
because the work could not have been carried out in any reason- 
able time or at any reasonable cost.*' 

If time allowed I would like to have said something with 
regard to the modern steam ships and marine engines. The 
universal adoption of compound engines, enables steamers to 
convey goods or minerals at a rate below that which is charged 
by any other system over long distances. 

Between the years 1856 and 1872 I carried out large works 
for the improvement of the Weaver Navigation, with the results 
that steamers were introduced for carrying purposes, also 
towing large barges behind them, making up a total weight of 
700 tons of salt and upwards. The railways cannot successfully 
compete for this traffic between Winsford, Northwich and 
Liverpool ; the whole is carried down the Weaver Navigation. 

When engineer of the Bridge water Canal, the Company 
employed several hundred horses for haulage purposes. It was 
not possible to ensure regularity in the working of the trade, 
and the expense was heavy. 

I had been told that steam tugs had been tried and failed 
owing to the canal being too shallow, and not of sufficient width. 
The Directors agreed that a tug should be tried, and I designed 
one with a locomotive boiler and one horizoatal cylinder engine, 
speed being got up by using ordinary gearing. I was satisfied 
for canal work, when tugs have to work day and night, that this 
system was preferable to direct-acting engines working at high 
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speed, which was necessary owing to the small diameter of the 
screw. 

The first tug was a complete success, and twenty-four more 
were constructed without any alteration. The result was the 
cost of haulage was reduced over 40 per cent. 

I can see no reason why Lancashire, so famed for its machine 
shops, its boiler makers, and its artizans, cannot establish on 
the banks of the Ship Canal works which should be able to 
compete with other districts for shipbuilding. 

Much has been said and written with regard to the estimates 
of the canal, and as usual in such cases the strongest statements 
have been made by those who were least acquainted with the 
facts. 

The original capital of the Company was £10,000,000. The 
Parliamentary estimate for works and land was £7,292,972 ; to 
this must be added £1,780,000, the cost of the Bridgewater 
Canal and Mersey and Irwell Navigations, including conveyan- 
cing and additional works. The balance had to meet the cost of 
obtaining the Act (which was very heavy after several years' 
contests), cost of raising the Capital and the payment of Interest 
during portion of the construction. 

The works were let to responsible contractors well within the 
Parliamentary Estimate of 1885, but, most unfortunately, the 
plans had to be approved by numerous public bodies and 
companies who were affected by them. Alterations of the most 
serious character had to be carried out involving great additional 
expense, some of which were entirely unnecessary as events 
have since proved. Great improvements were made in enlarging 
the area of the docks and putting in locks at Mode Wheel, 
additional Parliamentary powers being obtained in 1888. 
Large three-story transit sheds have been constructed at the 
^'^nkStUd many other works have been ordered that were not in 
1 plans* It is not necessary for me to enter into details, 
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as Lord Egerton, the Chairman of the Company, went fally into 
these questions at the half-yearly meetings of the shareholders. 
Lsjige quantities of land have been purchased in excess of the 
land estimate, which is a valuable asset if not immediately 
available. Owing to the unfortunate death of the contractor, 
Mr. Walker, the Company took over the contracts and the 
plant, involving a sum of £860,000 that had been advanced 
upon it, and which by the contract would have been deducted 
from the payments to the contractor if he had completed the 
work. 

The contractor had no floods during the period he was 
working, but the Company had to bear the loss of several floods 
of the most serious character. The cost of repairing damages 
to works and plant, pumping out water and heavy delay to the 
work was very large. 

The last step was to re-let the works to other contractors, and 
it is obvious that to complete a work under such circumstances 
enhanced prices had to be paid. 

If the original plans could have been adhered to, as they 
would have been if outsiders had not had so much control of 
them, and Mr. Walker had lived to complete his contract, the 
result to the Company would have been very different. The 
delay caused by his death entailed the payment of additional 
interest to the Debenture holders. 

The works in the estuary, and indeed at all points, involved 
considerable contingencies, and there can be no doubt that the 
ordinary amount of 10 per cent which was added to the estimate 
for contingencies has proved to be too small, but no engineer 
could have contemplated that his plans would be so altered, or 
that the contractor, after doing the part of the work that was 
most easy, would unfortunately pass away leaving such a legacy 
of trouble behind him. 
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Still the canal is completed ; the results of the fiist year has 
been to prove its efficient working, and I have not lost my faith 
in its future. 

Rome was not built in a day, and it cannot reasonably be 
expected that, amid the severe competition that has to be 
encountered, even the energetic management that is now dealing 
with traffic matters can all at once force from hostile or luke- 
warm traders the business which must ultimately come to the 
canal, because no large waterway leading to a great manufac- 
turing district can fail ultimately to obtain the traffic which is 
due to the advantages it can offer. 



VOTE OF THANKS. 



Mr. Thomas Daniels (ex- President) said that, as the retiring 
President, the pleasant duty fell to him of proposing ** That the 
" best thanks of the members be given to Sir Leader Williams for 
"his interesting address." Their President, he continued, had 
spoken on a subject which was of infinite importance to all 
Lancashire men. He was sure that the Manchester merchants 
ought to be pleased that such a gigantic waterway had been 
constructed, inasmuch as the reduction in freights would be of 
immense advantage to them. He had always had in his mind 
the City of Glasgow, and he certainly envied Glasgow of their 
splendid waterway. A Mr. Deas (Engineer, Clyde Navigation) 
had written a valuable work on the Clyde, and he earnestly 
wished that our local papers would reproduce it. By so doing, 
Manchester people would see that the Glasgow citizens had them- 
selves made the Clyde navigable, and had not waited for any other 
company to undertake that task. In 1859 the revenue of the Clyde 
was J690,816. 17s. 7d., and in 1892 it was ^^369,226. 6s. 5d , and 
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the expenditure was in the latter year £828,972. 2s. 7d., leaving 

a surplus revenue of £40,254. 8s. lOd., so that they could see 

what an enormous development had taken place between 1859 

and 1892. If the Manchester Ship Canal had been made in 

the ** fifties, '^^ they could hardly conceive the number of industries 

-which would have been drawn to its banks. From Manchester 

to Warrington there would have been a continuous line of mills 

and workshops, the advantage to Manchester of which would 

have been immeasurable. The canal had not been made to 

injure railways, but rather to benefit them. If Manchester 

people built immense machinery, guns, or boilers, without a 

waterway, it was impossible to transport them. In Glasgow 

they could put machinery on board for 28. 9d. per ton, whereas 

Manchester had to pay 9s. per ton to deliver at Liverpool. This 

latter fact, together with that of the workmen's wages here being 

4s. per week more on the average, readily accounted for the 

difficulty in competing for work with the Scotchmen. 

Mr. Thomas Ashbury (past President) had great pleasure in 
seconding the resolution. He had been reminded that it was 
just 14 years since their then President (Mr. E. T. Bellhouse), 
in his inaugural address, said : ''I run the risk of being 
accused of descending from the sublime to the ridiculous, when 
I name that the old idea of a ship canal from Liverpool to 
Manchester is being revived. There is a great variety of 
opinion on this subject of strong local interest, as there was, no 
doubt, when it was first proposed to make Glasgow into a great 
port."* And now, since those few words were uttered, the 
great scheme has been matured and practically perfected. And 
he was pleased that, they had as their President that evening, 
the engineeriug constructor of that great work, and that he 
could emphatically assure them of its great success and future 
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prosperity. Many people thought that it should have been 
constmoted earlier, but it should be borne in mind that if 
that had been done, it undoubtedly would have been made of 
smaller dimensions, whilst apparently now it was large enough 
for generations to come. 

The motion was carried with acclamation . 

The PREsmENT acknowledged the vote of thanks, and said it 
was a great satisfaction to him to know that, after twelve 
month's working, there was no possible doubt as to the canal 
being an engineering success. 



THE ECONOMICAL LIGHTING OF PUBLIC 
AND PRIVATE BUILDINGS, WORKSHOPS, &c. 



BEAD SATUBDAT, 80th BiABGH, 1895, 

BT 

Mr. J. WEST, M.Inst.C.E., 

(past PRESIDBNT of the ASSOC.) 
MANCHBSTBB. 



On Saturday, March 80th, Mr. John West, ex-President of 
the Gas Institute, and past- President of the Association, read 
the above paper. The usual meeting room of the Association 
being lighted by electricity, and all the gas pipes having been 
removed, it was considered necessary on this occasion to meet in 
another place, in order to enable Mr. West to illustrate his paper 
with experiments. The meeting was accordingly held in a large 
class-room on the ground floor of the Central Board School, 
Deansgate. The room was brilliantly lighted by gas. From 
the roof there depended three clusters of incandescent lights, 
each consisting of six burners, and two powerful lights on the 
regenerator principle. In the case of each of the three lights a 
reflector was used, with results which were eminently satis- 
factory. On the table on the platform from which the address 
was delivered, there were displayed types of the London argand 
burner — including the latest of the kind, one made specially 
for the Preston Gas Company — Sugg and Bray burners of the 
most approved kinds, an incandescent lamp with globe, an 
illuminating-power meter, a bar photometer, and numerous 
other objects of interest. 
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Mr. T. Daniels presided in the absence of the president, Sir 
Leader Williams, through indisposition. 

The Ghaibman remarked that Mr. Joseph Nasmith, in the 
paper he recently read before the Association on Prepayment 
Meters, said it looked as if gas were going to die hard, bat really 
the display they saw around them that night seemed to indicate 
that it was not going to die at all — it looked as if gas were as 
full of light and fire as ever. If any one knew anything abont 
gas, it was Mr. West, whom he had pleasure in calling upon 
to address them. 

Mr. West said : 

At the request of our Council I have prepared a paper on 
*' The Economical Lighting of Public and Private Buildings, 
Workshops, &c.'* 

It is well known by the faculty that although the use of gas 
has become general on account of its purity and cheapness for 
lighting and heating purposes, yet there are but few that use 
the most efficient and economical means for obtaining the 
maximum amount of light contained in the gas. Knowing that 
there is a great loss of money to the community generally through 
the use of defective appliances, and that the best mode of con- 
suming gas for obtaining efficiently and economically its hi(i:hest 
amount of illuminating power is, as yet (by many) very 
imperfectly understood, I think we shall be carrying out the 
object of this Association, if we investigate the cause of this loss 
of illuminating power, and explain the best known principles 
to regulate and develop the most light from a given 
quantity of gas, by which means pecuniary and other advantages 
may be derived. Oas is produced of different qualities through- 
out the United Kingdom, varying in illuminating power from 
12 to 28 candles. In a large number of the provinces in England 
it ranges from 12 to 15 candles, London 16 candles, and in 
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month of January last, in which the mean illuminating power 
during this week at each of these stations is ahove the statutory 
requirements. 

We will now endeavour to show with the apparatus at our 
disposal the different ways gas is consumed, and we will com- 
mence first with the fish-tail or batswing burners that we have 
fixed upon the Meter, and I now want you to observe that with 
one and the same quality of gas we are using there is a great 
difference in the illuminating power ; in the one, you see 
splendid yellow bands which give forth innumerable rays of 
light, and in the other, these luminous bands are not so visible, 
and you will naturally ask what is the cause of the difference in 
these flames. This is a chemical question, and before I com- 
mence my remarks upon Gas Burners it is advisable for me to 
explain in a simple way the phenomena of combustion. This 
consists practically of the separation of the elements which 
form the compound bodies we call gas, and the rearrangement 
into other compounds totally different from their original con- 
stitution. The simplest form of flame is that of a burning 
candle, and if we consider what occurs when it is burning we 
shall find in the first place that the tallow or wax is melted by 
the heat and rises up the wick by the beautiful law of capillary 
attraction ; when it gets to the centre of the flame the increased 
heat turns it from a liquid into a gas which is a hydro-carbon, 
consisting of carbon and hydrogen, in a state of chemical union. 
If we were to separate this hydro-carbon into its constituents 
by any means we should find that the hydrogen would remain 
as a gas, but the carbon would assume a solid form such 
as soot, lampblack, charcoal, &o. The blue in the interior of 
this candle is an indication that this part of the flame is in a 
gaseous state, and if my hand is as steady as it ought to be I 
shall later on be able to prove this by extracting some of this 
.gas with the tube I have in my hand and light it at the other end. 
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these elementary bodies have an affinity for oxygen. There is, 
however, a greater affinity between oxygen and hydrogen than 
between carbon and oxygen, so that under certain circumstances 
it is possible to make the carbon portion of the compound visible 
to the eye. This may be done by limiting the air supply to a 
flame, as I did with the Argand burner, so that there was not 
enough oxygen in the air supplied to satisfy both requirements; 
consequently, from the greater affinity between oxygen and 
hydrogen, the hydrogen was severed first, but the carbon, not 
having the opportunity of combining with oxygen, passes off in 
a visible smoke, which ultimately settles as a very finely divided 
powder. You will notice also that with this incomplete com- 
bustion the luminosity of the flame is greatly diminished. 
Another means by which we can, so to speak, condense the 
carbon into a solid visible form, is by introducing into the flame 
a chill, such as a cold plate of iron, when we shall soon see the 
surface of the plate covered with a film of black carbon particles. 
Assuming, however, for our purposes, that fairly complete 
combustion does take place, the following principal chemical 
changes occur : — The hydrogen and carbon combine distinctly 
and separately with the oxygen of the air, producing heat, 
which is a characteristic of combination into which oxygen 
enters. The hydrogen combines readily with the oxygen of the 
air, and with it forms watery vapour. The hydrogen having 
chemically separated from the carbon, the latter is practically 
forsaken in a minute solid form, in which state it is ultimately 
carried by the current of issuing gas to the outside edges of the 
flame, where, it being also able to reach oxygen, it combines 
with the same to form carbonic acid. Before joining in this last 
stage, however, these particles of carbon, being subjected to the 
intense heat produced by the vigorous combination going on 
between the hydrogen and the oxygen, are changed to white and 
yellow ; and it is to the existence of the great multitude of these 
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gas is allowed to issue from a number of small holes at a very 
low pressure, and the current and quantity of the air are 
regulated by the use of the chimney. If the supply of air is not 
sufficient to combine with the quantity of gas issuing from the 
burner, the oxygen combines with the hydrogen and such of 
the carbon as it is equal to. In this case the remaining 
particles of carbon leave the upper part of the flame in the 
form of smoke, and it is proved that all burners give their 
maximum amount of light relatively to the quantity of gas con- 
sumed when the flame is just on the point of smoking. 

As regards flat-flame burners, the draught or inflow of air 
upon the flame depends greatly upon the velocity at which the 
gas issues from the burner ; in fact, it is the chief regulator of 
the air supply. Every flame, by its heat, produces an upward 
current which draws into its sides the surrounding atmosphere ; 
and the greater the draught made by the flame, the more air is 
drawn into it, the result being that there is an excess of oxygen 
which quickly destroys the solid particles of carbon in the gas, 
instead of allowing them, as in the Argand and proper burners, 
to remain in a state of suspension for a short time. 

Mr. Sugg, who has kindly lent me most of this apparatus, and 
to whom the public are much indebted, was the flrst to produce 
in this country an Argand burner constructed upon scientifio 
principles. He had for years been working in this direction 
with Dr. Letheby and others, and finally produced his No. 1 
Argand, which gave an increase in illuminating power of about 
two candles over the old Argand. This burner is almost 
universally adopted as the standard burner, and has been used 
in most of the official testing stations in England ever since its 
introduction. He has effected still further improvements in 
this class of burner, and has likewise very much improved the 
batswing burners, which he now makes of steatite with hollow 
tops, at the same time cutting the slits with a circular saw, 
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interior of the flame is very blue compared with the batswing 
burner attached to the same meter, which flame is thicker and 
more brilliant and is producing a light with the same consump- 
tion of gas equal to about 20 Candles with the gas we are now 
using. In the one case the gas is driven boisterously upwards 
and more air is drawn into it, which prevents the particles of 
carbon being sufficiently heated so as to develop the light it 
contains, while the gas issuing from the other burners is 
regulated so that the particles of carbon remain in a state of 
suspension for a short time until they get into a high state of 
incandescence, hence the increase in the illuminating power. 

This Meter shows a similar arrangement, and automatically 
shows the diflerence in the illuminating power of the gas by 
using different bnmers. 

This instrument, which is called "Sugg's Illuminating Power 
Meter,*' has been designed by the inventor principally for the 
purpose of assisting engineers in the examination of coal and 
other substances suitable for gas-making. It is intended to test 
the illuminating quality of all gases under similar circum- 
stances, and to show the relative value of these gases. 

We now come to the Eegenerator kind of burners of Messrs. 
Siemens, Sugg, Wenham and others. In their arrangement 
both the air and gas are very highly heated before combustion, 
the result being that a better light can be obtained with from 
half to one-third the quantity of gas. according to the size and 
kind of burners used, than can be obtained from the ordinary 
burners. 

This small lamp that I am using consumes about 8ft. of gas 
per hour and gives a light equal to 20 Candles, and the larger 
lamps that you see in the building give considerably more light 
per foot of gas used than the smaller lamps. These burners 
with shades are used with great advantage for private residences 
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fixed near the ceiling for the combined object of giving light 
and for ventilating the rooms. 

INCANDESCENT GA$ UGHTtNG. 

We now come to that form of the incandescent method of 
gas lighting invented by Dr. Carl Auer von Welsbach ; by this 
system the gas flame is utilized as a heating instead of a 
lighting medium. The gas is supplied through a special form 
of atmospheric or Bunsen burner. The flame thus produced is 
non-illuminant, the object being to raise to a high state of 
incandescence, the hood or mantle which is suspended over the 
flame, and which we are told is made from certain minerals 
found in the higher northern latitudes. 

The makers of these burners say that their most recent 
mantles for use with what they call their C size gas burners 
give a light of from 18 to 20 candle power per foot of gas con- 
sumed, and that they give this light for 1,200 hours without 
diminution. They also claim that these incandescent C gas 
burners will give three times more light with half the gas than 
an Argand Burner. 

Having been asked especially to advise you as to the lighting 
of engineering workshops, I decided to make some experi- 
ments with these burners in one of our turning and fitting 
shops. This shop is 142 feet long, with galleries all round, 
with a 10 ton travelling crane running from end to end of the 
same, and for lighting the same it is necessary that the burners 
should be above the top of the travelling crane, which is 23 
feet from the floor. Until recently it was lighted with four gas 
lights with enamelled reflectors, having eight No. 6 burners in 
each, partially upon the regenerator principle, and these burners 
certainly lighted up the centre of the shop, so that we could see 
to handle things satisfactorily with the crane, but did not give 
sufficient light for erecting purposes. 
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We then obtained some of the Incandescent Gas Burners 
and fitted six of them in a cluster as close as we could place 
them and put reflectors over them 4ft. diameter, as shewn on 
the section on the wall. We have three of these clusters 
instead of four as formerly, and the light produced has been 
most gratifying, and we can now do erecting in the centre of 
the shop without the aid of any other auxiliary lights. We have 
carefully tested both the old and new burners as to the quantity 
of gas consumed and the illuminating power, and I herewith 
append the results {see pages 86 and 37), from which you 
will see that in future we shall only use about half the quantity 
of gas and get more than double the light. 

They also claim for these incandescent burners that you can 
get the same light with them from 15 to 16 candle gas as you 
can from 20 candle gas, and I have some proof of this. This 
being the case the question might be asked. Why make 20 
candle power gas where 15 will answer the purpose ? My answer 
to this will be that when the incandescent burners become general, 
it would be wise for the legislature to reduce the standard, and so 
enable gas companies and corporations to dispense with cannel 
and other enrichers, and sell gas at a cheaper rate to the consumers. 
This system of lighting is very much used on the Continent, 
and is to be seen in use at all the railway stations from the 
Dutch frontier to Berlin. It is also making rapid strides 
in London and other places, both for public and private lighting. 

We have 16 of these new burners in our drawing office, being 
one to each draughtsman, and others in our general office, and 
we find that the hygienic advantages are very great, and by 
having suitable shades like the one produced, you reflect a very 
soft and beautiful light upon the drawing board, and I learn 
that our draughtsmen and clerks very much appreciate this new 
system of lighting. 
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advisable to have a governor fixed on each floor as shewn on 
the drawing before you. By these means you can regulate the 
supply of gas to the burners to a very considerable extent, but 
to make the light more perfect it is necessary that you should 
use burners with checks inside them or, what is far better, a 
small governor to each burner, similar to those before you. 

These burners are similiar to those now used on the public 
lamps, and here it might be well to point out the very great 
improvements that have been brought about by the use of 
suitable burners and proper regulators. 

When I first came to Manchester 14 years ago the inferior 
type of burners without regulators were in use, and by order of 
the Gas Committee I tested a large number of these burners 
when it was found that a very large proportion of them were 
only giving half the light contained in the gas, and from that 
time governors were introduced and universally employed. 
We now find that in the large Bray and Waddington*8 lamps 
with the larger burners we get more light than we obtained from 
the standard Argand burner — ^this being on account of burning 
it in large volumes, which assists in heating the air around 
the flame, and the particles of carbon are in consequence heated 
to a higher state of incandescence. I have been told that since 
the introduction of high power burners, that, taken as a whole, 
Manchester has become the best lighted city in Europe, and for 
myself, I may say that I have not seen anything to surpass it. 

In conclusion, I hope that I have shewn that the pecuniary 
and other advantages to be derived when gas is properly con- 
sumed are very great, and that what I have laid before you 
may be of advantage to you individually, and that you will 
carry out the object of this Association by imparting the infor- 
mation you have received to the community generally, and then 
'\^ writer of this paper wiU feel that he has been doubly repaid 
teonUe he has taken. 
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DISCUSSION. 



The Chaibman (Mr. Thomas Daniels, ex-President) remarked 
that he thought Mr. West had demonstrated very clearly that 
the advocates of gas Ughting had for a long time been hiding 
their light under a bushel. He felt sure that, if they had known 
as much of the possibilities of gas as many of them now knew, 
they would not have thought so highly of the electric light. He 
hoped there would be a good discussion. As they had very 
good gas at Bury, perhaps Mr. Webb would say something. 

Mr. Hbnbt Webb said he was very sorry the Chairman had 
asked him to speak, as it was a subject he did not understand, 
and therefore could not open the discussion ; but he would with 
the kind permission of Mr. West, ask some questions. He noticed 
in the paper that different towns used gas varying very much in 
illuminating power, namely, from 12 to 28 candles. Would 
Mr. West please say which, in his opinion, was the best and 
most economical ? He, Mr. Webb, had always understood that 
a low candle power if properly burned was the best and cheapest. 
Sugg's Ohristiana burners had been referred to, and the 
speaker had had these to every jet in his house for several 
years with success. Would Mr. West say if the diaphram 
of the regulator should be cleaned, and how often ? With 
regard to incandescent burners, was a pilot light required 
to each burner ? Also, what had been the author's experience 
of the life of the hoods or mantles? Further, it would be 
interesting to know if the draught and vibration made by 
the traveUing crane had any effect on these lights? His 
(Mr. Webb's) experience of incandescent lights had been very 
unsatisfactory ; the mantles had required renewing every month, 
which was costly. He attributed this to the contraction and 
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expansion in cooling and re-lighting. They did not seem to fit 
the burner ; currents of air impinged unequally^ henoe short 
life. They required very great care in renewing, and oould not 
be left to any ordinary labourer, or in the house to the average 
domestic servant. In his case the agent had always put them 
on, but they were not satisfactory. 

Mr. W. H. S. Gendall said he had had an incandescent gas 
light in his office for the past twelve months, and it appeared 
to be as good now as when first put in. For office work, or for 
any place wliere a good light was required, it was unequalled. 

Mr. Joseph Nasmith said it seemed to him that this question 

was resolving itself very rapidly into a question of some type of 

improved gas burner of the Stott-Thorp type, or, failing that, of 

the electric light. Because, although the incandescent light was 

unmistakeably a beautiful light, he thought there was also no 

doubt that, like all brilliant lights, such, for instance, as the arc 

electric light, it had the defect of leaving dark comers. In that 

room, for instance, if they were out of the ambit of the light, 

they did not get a diffusion which was at all satisfactory. He 

had tried the incandescent light personally for office work, and 

his experience was similar to the first speaker. He found 

that the hoods drew away at the bottom, and that there was a 

considerable loss of power in the light after a few weeks' 

work. He might mention that he went into the question as 

regards school lighting, and he came to the conclusion that if 

any system of gas lighting was adopted, it must be one which 

was less intense and in which the light was better difihsed. In 

his opinion that was the secret of the whole question. It was 

not so much the fact of obtaining a brilliant light as that of a 

light which would carry and diffuse itself. Some of them would 

probably remember the experiments which Professor Tyndal 

carried out as to the relative power of electricity and oil, and 
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word distribution was a misleading term regarding lighting, 
and that the word penetration was more appropriate. He was 
certainly of opinion that the light from an incandescent burner 
was not nearly so well diffused nor so penetrating as that from 
an ordinary Bray burner. 

Mr. R. J. H. Sayebs said that since Christmas they had had 
a number of the incandescent lights in the drawing office, and 
up to the present time it had been unnecessary to renew any of 
the mantles. It might be stated that the first few mantles that 
were tried before Christmas got damaged through the breaking 
of the chimney-glasses, but this difficulty had been overcome by 
the introduction of mica chimneys supplied by the Incandescent 
Company, and they gave every satisfaction where ordinary care 
was exercised. When the drawing office was lighted by 
ordinary argand burners, the heat evolved caused the office 
to be very oppressive to the draughtsmen, and it became almost 
unbearable when heavy fogs lasted the whole day, notwithstand- 
ing the effect of ventilators fitted to every window. The 
incandescent burner had made a great difference to the comfort 
of the draughtsmen, and was a great improvement for this 
reason alone, apart from the better illumination. 

Mr. F. W. Eeed said he had had one of the incandescent gas 
burners working for about four months, for say six hours per 
day, for reading and writin^j purposes. A pink- tinted chimney 
and globe were used, which did away with the irritating rays 
referred to. During the time the burners had been working he 
had not had any trouble with the mantle. It seemed to be in 
good order, and he hoped to have another four mouths work out 
of it. 

Mr. E. J. Duff thought the Welsbach light was a great 
improvement on the old burner. 
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as much light could be got out of 15 as out of 20-candle gas. As 
to the current of air caused by a travelling crane affecting the 
incandescent lights, there was a little vibration, but he thought 
it did not affect the light in any way. Previous to the introduc- 
tion of the incandescent lights into the workshop of his firm, 
the shop was lighted with the Stott- Thorp burners, of which 
Mr. Nasmith spoke so highly ; they had four clusters of them 
in the shop, and they could just see to pick up things, and to 
get about fairly well. Those four clusters were, in November 
last, displaced by three clusters of incandescent lamps, and the 
reflector was placed at such an angle as to prevent shadows 
coming along the centre of the shop, although, of course, with 
reflectors you would have shadows in the comers. What they 
wanted was a light to erect by in the centre of the shop, and they 
had secured it for half the money they were previously paying, 
besides getting four times the light ; there could be no question 
about this fact. He had been asked whether they had any pilot 
lights. They had not. Only four of the mantles had been broken 
during the four or five months the new lamps had been in use, 
and he believed that the breakages all took place during the 
first two or three days. After Mr. Jenkins, his manager, had 
given instructions as to how the lamps were to be handled, 
there was no trouble on that score. He might say on that 
point that the agents for the lamp at Plymouth made it a con- 
dition that they should put the burners and mantles on them- 
selves, in order that the character of the burner might not be 
jeopardised by inefficient adjustment. With proper care the 
destruction of the mantles, made as they now were, need not 
be a very great item, and in his comparative figures he had 
made no allowance for it, because he thought the cost of the 
renewal of the electric lamps would probably counterbalance it. 
There was, no doubt, a great deal in what had been said on the 
question of diffusion, and he would not like to say that the 
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incandescent gas burner difTused the light as well as the argand 
burner —in fact he did not think it did. He had simply tested 
the incandescent light for its illuminating power. Mr. Nasmith 
spoke of the effect of the light on the eyes, but that difficulty 
might be overcome by the use of suitable globes. In their 
drawing offices, which were formerly lighted with argand 
burners, they found that the light was much better, and that 
the atmosphere was cooler than it was before. As to the 
hygienic advantages, it stood to reason that if less gas was 
consumed there would be less oxygen used up, and consequently 
there would be so much less carbonic acid. As to gas versus 
electricity, he had made many statements on the question of 
cost, now and on previous occasions, and not one of them had 
been answered. He invited any electrician present to come to 
the bar of justice— in other words, to the bar photometer. 
Was there any electrician present who would say that an electric 
lamp that they called 16 candles gave a light equal to that of 
the 16-candle argand burner before him ? Formerly, the elec- 
tricians used to say that one of their lamps gave a light of 
8-candle power, and then, without rhyme or reason, they 
declared that the same lamp was a 16- candle lamp. He thanked 
them for their attention to his remarks, and would feel amply 
rewarded if anything he had said led to a fuller appreciation of 
the possibilities of gas as an illuminant. 

The meeting then closed. 
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In considering the industrial requirements of the present day, 
amongst other essential features, there is nothing of more 
importance in our various manufacturing concerns than the 
vital question of the transmission of power. 

Competition is now so keen in our varied industries and 
markets that manufieusturers can ill afford to ignore any means 
whereby the cost of their productions can be reduced to a still 
lower limit, which will enable them to further maintain a 
position in the market with a reasonable chance of a profitable 
return. 

In arranging new premises for the carrying on of any industry, 
it is comparatively easy to carry out whatever modifications 
and improvements experience may suggest, the designer then 
having a clear field for the play of his ideas. But, in the re- 
organizing of old systems, the designer has not this advantage, 
because the sites being pitched beforehand, conditions most 
unfavourable at times bar the way to the application of the 
most approved methods and ideas, and the designer is put fairly 
on his merits to evolve something like a satisfactory result from 
his efforts and the materials at his disposal. 

Experience, of course, is the great factor in this as in most 
oiher matters, and in designing buildings for industrial and 
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xnanufacturiBg purposes at the present day, it is oftener a 
question of judicious remodelling of works already in existence, 
than one of commencing on an entirely new site ; therefore, 
whatever conduces to the general improvement and a better 
arrangement on economical lines, of methods hitherto commonly 
in vogue in our industrial systems, should be welcomed by all 
who are concerned in these matters, and this is our apology for 
introducing the subject of this paper here this evening. 

Mechanical power is now obtained and distributed in a variety 
of ways. In days gone by wind-mills and water-wheels were 
the two main servitors that were utilised and pressed into the 
service of man to furnish him with necessary motive power. 
Later on, came the turbine which to this day has no more 
economical compeer in the production of motive power where 
the necessary conditions are available fur its use. Needless to 
say, it was in former times almost invariably the chief considera- 
tion, that of an abundant water supply, which determined the 
site on which a factory should be situated. It is even yet a 
main consideration, but not so indispensable a one owing to the 
advantage derived from the use of efficient pumps, artesian 
wells, &c., and also, as will be seen later on, by the facility with 
which pumping operations may be conducted from a distance. 

It was reserved for the steam engine, however, and an 
apparently unlimited supply of coal, to give that fillip to com- 
mercial enterprise which has transformed the world from a 
comfortable jogging pace into the almost unbearable strain of an 
artificial and unnatural race for existence, luxury and wealth. 

Additional prime movers have since appeared in the shape of 
gas and oil engines, &c., but they all, without exception, require 
considerable auxiliaries for the transmission and distribution of 
their energies to the innumerable variety of needs and duties 
throughout the factories and workshops where they are 
employed. 
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In transmitting power through shafting, the first considera- 
tions are power and distance, or, in other words, a sufficiency of 
strength and hy the shortest route. According as the power 
required he great or small, or the distance far or near, so will 
be the section and weight of the shafting employed, and as a 
consequence the first cost and then the maintenance will be 
approximately in proportion. The shafting must then have its 
bearings, the cost and maintenance of which must be considered, 
to which must be added the cost of renewals through wear and 
tear, deficient lubrication, or excessive duty. As it passes from 
one department to another the shafting has to be diverted and 
directed into different ways and courses to suit the convenience 
of the designer or to accommodate itself to whatever conditions 
happen to be met with, and this is where the trouble largely 
increases. In doing this, we have to adopt various methods of 
gearing to suit the new requirements, which means additional 
weight on the bearings. Then the shafting again has to bear 
its complement of couplings and driving pulleys for imparting 
motion to the different machines on its way, to which of course 
must be added the weight of the various belts or ropes used for 
the purposes of distribution. Added to this, is the speed at 
which this dead weight has to be driven, and as, generally 
speaking, the speed increases as the distribution proceeds and 
power is required a further remove from the prime mover, there 
is often a very great amount of vibration and disalignment, 
which may possibly account for that mysterious variation in 
the power required to drive machinery which otherwise seems to 
be practically working under precisely or very similar conditions. 

Gear wheels, by their weight, bad forms of teeth, indifferent 
setting and unskilful proportions, may often impose an un- 
necessary waste of power to drive them. In the very best class 
of toothed gear a considerable amount of power may be lost by 
the conversion of the rolling motion of the teeth into a more or 
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thus : — Totftl power = a + 6 x useful power, when a and h are 
some numh^rs. For example, h is about 4 or 5 on a screw- 
jack. It is about 1*02 on a very good hydraulic lift. It is 
about 1*2 in a steam engine, a — unloaded friction. 

Him, in a report on his experiments on friction says *' that 
the power absorbed by cotton machinery can vary from 65 to 
100 n^ according to the more or less judicious combinations of 
the frictional parts and to the quality of the lubricating 
material used.'' He further considers '' that a possible reduc- 
tion of 85 % on the motive power consumed by an establishment 
gives to the study of the considerations on which this reduction 
is based all the importance of an economical question of the 
first order." 

The Institute of Mechanical Engineers, in their experiments 
on the friction of shafting, found at the time that '' all the 
common methods of lubrication were so irregular in their action 
that the friction of a bearing often varied considerably.*' That 
** friction was greatest with a new brass, and diminished as the 
brass became worn, so as to fit the journal more perfectly.'* 
Also, that '* the friction depends on the quantity and uniformity 
of distribution of the oil, and may be anything between the oil- 
bath and seizing, according to the perfection or imperfection of 
the lubrication." 

Professor Goodman, in a paper* read before this Association, 
said : ** Out of every ton of fuel consumed for engine purposes, 
some 4001bs. to 8001bs. are wasted in overcoming the friction 
of the working parts of the motor ; and further, every machine 
driven by that motor also wastes a large percentage of the 
remaining power by its own friction. One would not be far 
short of the mark in saying that from 40 to 80 % of the fuel is 
consumed in overcoming friction." 

From the foregoing strictures it will be seen how justifiable 
and well-founded are the considerations, from economical and 
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Enough bas now been said to enable anyone gifted with 
ordinary intellectual faculties to see that there is still ample 
room for economy in one branch at least of mechanical art, and 
yet, strange to say, in the face of evidence such as we have now 
given, one occasionally meets with men who complacently dose 
their eyes, ears, and the argument, by the consoling remark 
that ** the subject is not yet ripe enough for consideration." 

The question now before us is, What is the remedy for all this 
waste ? And we answer. Electricity. When we consider the 
enormous saving that must be effected by the use of a medium 
that has all the energy and an exceedingly low percentage of 
loss as compared with mechanical transmissions, we cannot be 
surprised at the rapid progress that this medium is now making 
in our industrial centres. More especially is this the case where 
the motive power is distributed from a central source to various 
more or less widely divergent points of application. As a proof 
of its feasibility, utility, and popularity, we have only to look 
at the ever increasing number of papers, lectures, and technical 
publications, as well as to its continually extending application 
to practical uses, to become convinced that to a very great 
extent, this is the power of the future. 

So far as we are at present able to say the most economical 
method of transmitting power by electricity, is to have a central 
generating station from which wires are led off to other distri- 
buting centres, and from these points the current is led off to 
the various motors which are attached as closely as possible up 
to the point of application of the energy in a machine. Being 
unable as yet to get our energy in a more direct way than by 
means of water, gas, or steam power, our generating station is 
so far nothing more than the usual steam engine and boiler, or 
other motor, with which we are already so familiar. There is 
one great difference, however, not to be lost sight of, and that 
is, in the electrical system we usually couple up direct on to the 
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engine for this, as it is self-regulating, and has therefore a very 
great advantage in this respect. It may be worked inter- 
mittently much more economically than the steam engine, 
because, the generator being self-regulating as well as the motor, 
when the demand for power ceases the generation ceases, and 
therefore there is no wasteful running of mechanism uselessly. 

The greatest drawback to the use of this medium is its first 
cost, and this unfortunately increases with the magnitude of 
the installation. For the purpose of comparison we have 
assumed that the shafting, gearing and fixings, &c., necessary 
for the mechanical transmission of power will average about £5 
per indicated H' required, not including the engines. The cost 
for electric driving would come out at an average nearer £15 
per indicated ff , not including the engines. This would be for 
moderate powers up to about 600 or 600 IP. For very large 
powers the cost becomes excessive, owing to the multiplicity of 
parts and the necessity of dividing the generation amongst a 
number of machines. 

The simplest method of driving by electric motor is to find 
some convenient place on a shaft, fix the motor on the ground, 
and drive by means of a belt on to the shaft above. This has 
been adopted very successfully in the case of sheds where there 
are numerous parallel lengths of shafting, such as weaving 
sheds and the like, and answers exceedingly well, when it is 
most convenient for machinery to be driven in groups. When 
it is required to drive individual machines the problem becomes 
more difficult, and it is absolutely necessary that m order to 
obtain the best results, there should be a fusion of mechanical 
and electrical skill, because so much depends on the method of 
application of a motor to the machine for its successful working. 
Badly arranged and improperly formed gearing, jars, sudden 
shocks, and continued vibrations are inimical to good motor 
work at any time, but particularly so where there are inflexible 
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oonneotdons, such as rollers with the motors directly coapled 
on to the shaft, or with positive spur-gear and sudden and 
heavy intermittent loads. It is for the mechanic to say 
whether a friction, or a spur, or a worm, or a direct drive is the 
most suitable for any individual case, and for the electrician 
then to arrange his motor accordingly. In the writer's opinion 
motor builders should make their spindles as short as permissible 
between bearings, and avoid either an overhanging drive or a 
drive with the pulley or pinion next to the armature without 
the intervention of a bearing, and also make the spindle stiffer 
than they usually do, thereby preventing sparking, broken 
conneotions, &o. 

It is not always advisable to get as close in as possible to the 
machine it is desired to drive. Take the case of a mule for 
instance. The best form of drive is to incorporate the motor 
with the countershaft, and then drive down in the usual way 
with belts. Anyone familiar with the sudden changes and 
variability of the load on the rim shaft will probably see the 
wisdom of this course. In a cardroom it would be best to drive 
the line shaft. In the case of preparing machinery, generally 
speaking it would perhaps be better to drive the machines 
individually. In spinning frames the best plan at present 
would probably be to drive with separate motors at each 
cylinder end, except where there are double cylinders, then one 
would be sufficient for both. Many spinners affect a long, 
sagging drive by belting over guide pulleys ; their tastes could 
be accommodated by driving the line shaft electrically. The 
writer has known people advocate the driving of every individual 
spindle by its own motor, and this is probably feasible enough, 
only the spindles, though maintaining a regular high speed, 
would not be all running at a uniform speed, as it is impossible 
to torn out motors in quantity all exactly alike in this respect ; 
it would be something like trying to get a number of clocks to 
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tick together in unison. Still, the experiment is worth trying 
by anyone with money and oourage enough. 

Enough has now been said to show the means whereby, in 
the majority, though perhaps not all, of our textile industries, 
a great economy over present methods of using power may be 
effected, and the future alone will disclose to what extent we 
shall have profited by the adoption of this, the latest develop- 
ment in industrial progress. 



ELECTRICITY AS THE FUTURE MOTIVE POWER 
IN THE TEXTILE INDUSTRIES. 



BY 



Mr. D. SKIvBY-BIQGB 



The question of the application of electricity in a practical 

manner to the textile industries is one which no doubt will in 

the very near future receive considerable attention at the hands 

of engineers and machinists generally, but so far comparatively 
little has been attempted or done to develop this branch of 

electric power work. 

The author trusts that the few notes he has the privilege of 
submitting to this meeting of the Manchester Association of 
Engineers may be the meaus of provoking a thorough discussion 
of the subject, so that in the end all interested may be the 
gainers thereby. 

The first question which will be posed is what advantages 
will accrue firom the electric system of driving over existing 
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The application of alternating and polyphase motors has 
found favour and been adopted, especially in Switzerland, and 
also to a certain extent in America, but little has as yet been 
done at home in this direction. At first, difficulties arose in 
getting the motors to start up against heavy loads, but these 
have now been overcome. In a long distance transmission 
plant from a water power to a mill, the methods of transmission 
briefly referred to above should all be examined. A transformer 
and switch room should be built or arranged for at the mill 
from which all the line shaft motors and lighting circuits would 
be controlled. 

Under conditions such as the above, and where a good reliable 
water power exists within a reasonable distance, the method of 
line shaft driving by electric motors will be found to be an 
economical and advantageous one, but in the English mill 
district unutilised water powers of importance are few and t&r 
between, and one will be almost always brought face to face 
with steam power. Now, perhaps, of all places on the face of 
the globe, Lancashire is the one where the greatest attention 
has been paid to steam economy, and the author feels that in 
coming to Lancashire he is verily <* bearding the lion in his 
den." 

Owing to the keen competition in the cotton industries, the 
unit of fuel has gradually been brought down to a very low 
point, and it is hard indeed to see how any further improvement 
can be effected with the present methods for transmitting and 
distributing the power. The coal consumptian has been reduced 
from Ijlbs. to Ijlbs. per indicated BP per hour, and in some 
cases even below this. One must not look therefore to the 
engine for further economy, as we may assume that whether 
in electrical or mechanical transmission the steam efficiency 
of the engine will be the same, but to the means whereby 
at present the power is transmitted and distributed to the 
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with an ordinary amount of patience and perseverance, cannot 
be overcome. 

Such machines as carding engines, scutchers, blowers, roving 
and intermediate frames, &c., &c., can all be driven electrically 
by motors embodied as part of the machines themselves, or in 
the case of machinery absorbing very little power and running 
constantly, groups can be formed driven off one motor. 

The most important application in the mill is that of the 
electric motor to the mule, and on account of the great varia- 
tions in power between running up and drawing out, there is 
no application to which electricity is more suitable from an 
economical point of view. On account of the present compli- 
cated construction of the headstock and the great necessity for 
small space, difficulties offer themselves to the introduction of 
the motor into the headstock, and failing a possible modification 
in the actual construction of the mule, owing to the high speed 
of the motor, this could be placed directly above each mule on 
the ceiling, the motor being of the inverted and enclosed type, 
and provided with the necessary arrangements for meeting the 
conditions of the very varying load. 

A friend of the author's (Mr. J. P. Bedsonj, who has recently 
shown great pluck and determination in the erection of his new 
wire mills at Middlesbrough, which are driven throughout by 
electricity, and comprise many novel departures, has often told 
him that had he not his hands full with his own undertaking, 
he would have dearly loved to have tackled a spinning mill, and 
driven it electrically. 

Electric power applications grow on one gradually, and one 
does not see through their economies at first sight. 

Owing to the absence of belting and shafting, the construction 
of the mill might be considerably altered and cheapened, but 
this is more a- matter for the architect to decide. 
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The author had the pleasure of meeting, some time ago, Mr. 
W. Marsden, of Manchester, who happened to be contemplating 
considerable additions to his mill, and after due consideration 
he decided to adopt electricity as the means for driving the 
whole of the machinery contained therein. 

Certain difficulties were at first encountered, as may be 
expected in any new departure, but these were quickly got over 
by the Clayton Foundry Company, who have given great 
attention to this electrical application, and now the whole 
installation of light and power is working most satisfactorily, 
and fully bears out what was expected. 

Every machine is driven by its own independent motor, which 
is provided with starting, stopping, regulating switch and a 
meter, so that the power absorbed by each machine can be seen 
at a glance, and if too much power is taken, the defect is seen 
and remedied at once. 

Amongst other gentlemen in this district who have devoted 
much thought to the electric power question generally, is Mr. 
Joseph Adamson, of Hyde ; the author heard him speak at a 
recent meeting of the North-East Coast Institution of Engineers 
and Shipbuilders, when he gave some interesting figures as to 
tests between electric and rope driven cranes. 

The speeds in cotton spinning machinery are exceedingly 
high, and the electric motor with its high speed should be 
the best of all mediums to adopt for driving this class of 
machinery. 

The object of this paper has been to promote a thorough 
discussion of a subject which the author trusts will prove of 
interest to the members of the Manchester Association of 
Engineers, and in the hope that his object will be attained, he 
will now leave it to those who, unlike himself, have all their 
lives been connected with the textile industries, to raise those 
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points where diffioulties will present themselves, for it is only 
by having a oomplete knowledge of the stumbling blocks which 
will be encountered, and which have to be surmounted, that the 
engineer can hope to see his efforts rewarded by success. 



DISCUSSION. 



Mr. HsNBT Webb said he did not profess to be practically 
conversant with the electrical transmission of power. With 
the view, however, of initiating the discussion, he ventured to 
express his disappointment at both the papers. Perhaps he 
expected too much, but certainly he expected to find a con- 
siderable amount of detailed practical information as to electric 
driving, and something as to its application to textile industries. 
As &r as the first paper was concerned the author did not really 
touch the subject ; if it were designated a paper on the loss by 
Friction it would be more appropriate, and besides the figures he 
gave as to friction were not in accord with modem practice. He 
did tell them that the first cost of electrical transmission of power 
would be three times the cost per indicated £P required, com- 
pared with shafting, gearing, &c. ; also, that shafting could be 
driven by a motor fixed on the ground, and a belt to the shaft, 
also, that the experiment was worth trying of driving every 
spindle by its own motor. If the several shafts were driven by 
motors the only saving would be the slight friction in the 
rope race, and the extra cost would be prohibitive. As to 
driving every spindle separately, at present they were a long 
way from this, and the cotton trade could not afford such 
experiments. 

With reference to Mr. Selby Bigge's communication, he was 
equally disappointed at the paucity of information given respect- 
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ing the subject. Mr. Selby-Bigge was thoroughly conversant 
with the electrical transmission of power, and knew as much or 
more about it than any man this side the English Channel. 
The firm Mr. Selby-Bigge represented had fitted up the largest 
works in Belgium, employing 2,000 hands, using electric power 
only ; and looms were running in Ghent with electric motors. 
He was acquainted also with the best practice on the Continent, 
and some works in England, but gave them no specific infor- 
mation whatever, but only hoped they would have an interesting 
discussion. 

The speaker's difficulty was this: he was very doubtful 
whether existing cotton mills could adopt electric driving with 
any economy; for example, he would put a case for Mr. 
Selby-Bigge to answer. He (the speaker) was connected with a 
modern cotton mill containing 100,000 spindles, half twist half 
weft, spinning American cotton, average Oldham counts. When 
every machine was running with the strap on the loose pulley 
the loss by friction was slightly under 18%. He wanted the 
author to tell them if by electric driving they could obtain 
better results than that, if so, at what cost ?^ Lancashire people 
will be slow to adopt it, unless they can see both interest and 
depreciation on the outlay and inci;eased economy; as com- 
mercial success could only follow when the saving in power 
exceeded the loss due to electrical transformation by an amount 
sufficient to justify the capital outlay. 

He quite admitted that electrical power could be adopted in 
many works with economical results, such as ironworks, ship- 
yards, print, dye and bleach works, &c. Mr. Selby-Bigge had 
been very successful in such works on the East Coast, but the 
conditions were very different from a cotton mill. Take ironworks 
for example ; boilers twenty years old, rolling mill engine with 
the jar and shake of reversing brasses, collars, &c., loose, the 
work must be done in a few seconds irrespective of steam 
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by eleotrioal driymg. All these mills, however, were situated 
either on the banks, or id the vicinitj of running streams, down 
whioh constantly passed large volumes of water. Turbines were 
put into a house adjoining the river from which cables were 
carried to the null. It stood to reason that where people, through 
the bounty of nature, had a large volume of water at their com- 
mand which reduced the cost for power, the conditions were more 
than ordinarily favourable. In South Carolina the innovation 
had not been tried long enough for the production of any 
reliable data. His information was that even those who have 
tried the new system iu Switzerland were by do means satisfied 
with the result. 

At the bottom of page 57 Mr. Firth referred to some experi- 
ments made by M. Fauquier. In reference to these experiments 
he might tell them that he (Mr. Nasmith) was responsible 
for the translation into English of that particular paper, and he 
might further say that as affording in any sense whatever a 
guide as to what ropes will do, or what power was lost in ropes, 
the paper was absolutely worthless. It dealt only with one set 
of ropes driving one dynamo. They would have to wait for the 
correct fiEMSts till the Northern Society of Engineers of France 
had concluded their investigations on the relative merits of 
ropes and belts. That particular Society had been making tests 
of main drives under different working conditions, so that the 
result of these trials would be extremely valuable. 

On page 60 Mr. Firth had quoted extracts from Him's experi- 
ments on friction. Now with reference to the loss of power in 
driving cotton machinery, it must be borne in mind that this 
loss arose from a multitude of things within the machine itself. 
In some cases the spindles bind, in others the bands were too 
tight, while changes in the atmosphere will almost double the 
power required to operate the machine. Under these circum- 
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was in the power taken at various periods, the range being from 
zero pressure to 2851bs. on the lever of the dynamometer, and 
the highest power being exerted immediately the outward run 
begins. 

He ventured to think that if the advocates of eleotrio driving 
for spinning mills would, in the first instance, devote their 
attention to the driving of the line shafts by motors, success 
would more probably be attained than if they attempted to 
drive each machine by itself. This was rendered more important 
when it was remembered that the full power on a mule was applied 
at once, so that the inertia of the moving parts became an 
important factor in the matter, as tending to give a reserve of 
power which aids in the uniformity of the velocity. Of course 
it was a little consolatory to the members of the Association 
that these electric departures would not eliminate the engine. 

It might not be inappropriate to mention that it was well 
known to those who had made a study of cotton spinning, that 
one of the chief dangers to be feared was the presence of electric 
diffusion, either in the complete machine or air. It was acknow- 
ledged that where this existed the spinning was worse, the 
yarn was weaker, and in fact the product was by no means so 
good as when that electric diffusion was absent. He wanted the 
authors to consider what was likely to be the result to cotton 
spinning if they applied motors to each machine, with the 
consequent magnetisation and effect on the cotton. Cotton 
was one of the worst fibres in the world to spin, and 
nothing was more injurious to it than the generation of elec- 
tricity. Therefore, if this was going to be aggravated, the cotton 
spinner's task would certainly be rendered more difficult. 
These facts certainly required careful consideration, because an 
ordinarily constructed modern mill was largely composed of iron, 
and therefore the more liable to the danger referred to. He 
had spoken pretty strongly for the sake of eliciting a convincing 
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that the friction in textile mill driving was a much greater evil 
than it really was, and had used language which, to say the 
le ist, was extravagant. He agreed with Mr. Henry Webb that 
in the case of forges and rolling mills, where there was a great 
amount of waste in steam arising both from friction and also 
from general neglect of valves and joints and wearing partSy the 
application of electricity would be a decided saving. He 
instanced two examples of friction in forge engines ; in one case 
the full load on the engine was 248*8 indicated EP, the friction 
load being 98*8 indicated H', or 88*84 % ; in the other case the 
full load was 411*6 indicated EP, the friction load being 148*65 
indicated EP, or 85 %. It was obvious that the saving in such 
cases as these could be considerable. 

He also wished to supplement Mr. Nasmith's remarks in 
reference to the experiments of rope and leather belting, quoted 
by the author on page 57. The serious defect in this case was 
the small diameter of the pulley on the countershaft, this being 
only 84^in. in diameter, whereas all authorities on rope driving 
agree that the diameter of the pulley should not be less than 
thirty times that of the rope used. In the case of the li^in. 
diameter ropes, the pulley should not have been less than 47in. 
diameter. The application of the 2^in. ropes on the 84^in. 
pulley would naturally give a worse result ; the pulley for this 
diameter of rope should have been not less than 65in. diameter. 
The case cited, not being a proportionate job, was worthless as 
an argument as to the amount of power lost in transmission by 
this type of gearing. 

Beference had been made by the author to tho cost of 
maintenance and wear and tear in gearing. The firm of 
which he is a member supplied the whole of the gearing to an 
Oldham cotton mill over fifteen years ago, and during the whole 
of that period there had not been a single replacement, the only 
cost being that of lubrication and attendance, so that in a well- 
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proportioned gearing job the wear and tear was exceedingly 
little. The author was wrong in his assertion that adding more 
weight to the load increased the friction on the parts ** more, 
at any rate, than momentarily.*' Re, Mr. Saxon, had diagrams 
taken from a large pair of engines in a textile mill which showed 
oonclusively that the friction was practically constant under 
different loads, if the diagrams were not taken too soon after 
the changes in the load were made, so that all the bearings and 
parts might have the opportunity of assuming their normal 
condition. 

The amount of frictioa in a case attested to by the Chief 
Engineer of the Boiler Insurance and Steam Power Co. Limited, 
recently was 20% of the total load. This might be considered 
to be equally divided between the engines and gearing, so that 
if the whole of the friction in the gearing were to be saved by 
the application of electricity it would only be 10%, the engines 
being required to drive the generating dynamo. 

On page 64 the author referred to the cost of ordinary gearing 
at about £5 per indicated £P. He would take the amounts as 
quoted by him. In a mill of 500 indicated ff the gearing would 
cost £2,500; in an electrically driven mill the cost would be 
£15 per indicated £P, making the cost for 500 indicated IP to 
be £7,500, or £5,000 more than the ordinary gearing. Interest 
on the additional amount expended at 4 % would be £200 per 
annum, so that they must see what the saving would be by the 
application of electrictity to recoup them for this outlay. He 
would assume, for the sake of argument, that the whole of the 
gearing friction will be saved, viz., 10% on 500 indicated IP 
equal to 50 indicated IP. 

On the authority of the Chief Engineer of the Boiler Insurance 
and Steam Power Co. Limited, he might state that there was a 
triple expansion steam engine working, the calculated cost per 
indicated IP per hour of which, with coal at 6/- per ton, was 
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'044d., or 28 indicated W nearly for one penny per hour ; this 
would give about 46 indicated £P for twopence per hour. Take 
60 indicated EP at 2Jd. per hour for 56 hours to the week ; this 
would give 10s. 6d. per week, or £21. 6s. per annum. The 
loss then on an electrically driven textile mill, assuming all the 
gearing friction to be saved, would be in interest alone on the 
extra capital invested £172. 14s. per annum. 

In reference to the difficulties of driving the spinning mule 
electrically, as pointed out by Mr. Nasmith, they would be very 
great. It seemed only possible to do this successfully in con- 
nection with the driving of the rest of the machinery, which had 
a steadying effect, as it had been found in practice that with 
the preparation machinery of a cotton mill stopped the turning 
of the mules ** only" showed more irregularity. 

He wished the authors success in their endeavour to introduce 
what they considered to be a more economical system of driving, 
and thought the special applications cited by them on a small 
scale to textile machinery would be an encouragement for them 
to persevere. 

The PREsmENT (Sir E. Leader Williams) said he thought it 
would be a long time before each mill had a motor for every 
machine. As it was evident that there were still many speakers 
who desired to contribute to the discussion he suggested that 
the further discussion be postponed to the next meeting. 



RESUJVEED DISCUSSION. 

SATURDAY, FEBRUARY 23rd, 1895. 



The Chairman (Mr. T. Daniels, ex-President) expressed the 
hope that since the reading of the paper the members had looked 
up the question, and that many would be in a position to oflfer 
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a few remarks on the subject. He had pleasure in asking Mr. 
Ashbory to initiate the resumed discussion. 

Mr. Thomas Ashbuby said he had pleasure in continuing the 
discussion, and in doing so he would like to express his obliga- 
tion to the author, Mr. Selby-Bigge, for the great pleasure he 
afforded the speaker, as well as a few others, during their recent 
visit to Belgium, by conducting them over some of the excellent 
electric installations in that country. There, undoubtedly, was 
to be seen one of the brightest examples of electrically-driven 
machinery probably in the world. It was the National Arms 
Factory, at Herstal, near Liege. In these works, there were 
11 miles of belting, and it employed 2,000 hands, turning out 
250 rifles per day. Judging trom. the title of the paper, he 
certainly anticipated a considerable amount of detailed informa- 
tion regarding what had been done as to the application of 
electricity to the textile industries. Certainly there was no 
doubt that electricity, to a large extent, could be applied for the 
purposes of driving machinery, as had been evidenced by its 
application to cranes. To specifically refer to the paper, he 
must confess his intense disappointment that the author had 
not placed facts before them so as to base a discussion upon and 
which also were prominently absent in Mr. Firth*s paper. In 
reference to Mr. Bigge's paper, he would like to learn something 
of the capital involved and the success achieved respecting 
electrically-driven mills. 

He would like to ask whether any success had attended the 
application of other metals as a conducting medium, such as 
steel or iron. Mr. Bigge referred to the fact that Lancashire 
was noted for its steam economy, and that he was, as it were, 
** bearding the lion in its den." The speaker could only assure 
him that it would be impossible for the author to visit any other 
county where he would receive a heartier welcome, or anybody 
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wbo would listen more carefully, without prejudice, to any new 
facts than the Manchester Engineers. Regarding this subject, 
however, they regretted he had nob told them as much as they 
had a right to expect. At a recent meeting held at Newcastle, 
the President of the North-East Coast of Engineers referred to 
the works at Liege, which were electrically driven, and pointed 
out certain facts which were not refuted by the author who was 
present. He said : *' It has been settled by careful experiment 
that the consumption of steam in a Corliss engine was about 
141bs. per indicated BP, whilst the losses are 10% in engine 
friction, 10 % in the dynamo, 2 % in the conductor, and 16 % in 
the motor.'' That showed 27% loss for dynamos and con- 
ductors, which was certainly very heavy. 

In a paper* submitted to the Association a little time since, 
Mr. Alfred Saxon referred to at least half-a-dozen instances, 
both of driving by gearing and ropes, in which the average 
friction was from 23 % to 28 %. And the engine losses were 
10 %, 84 %, and are as low as 6 %. Mr. Webb also stated that 
the total amount of friction throughout a mill at Bury was only 
18 %. Such being the case, the percentage of friction or of loss 
in electrical driving was exceptionally heavy, and he was not 
surprised to read in a report of a meeting at Hartlepool, the 
speaker t say: "Without wishing to depreciate for a single 
moment the value of electrical motors or electrical transmission, 
he thought it behoved every electrical engineer who had suf- 
ficient engineering knowledge to be careful in guiding his 
customers instead of misleading them. It was absurd to 
suppose as a general fact that all they had to do was to put 
down a dynamo and a motor, and connect it with cables, and 
an economy resulted. He was perfectly convinced that where a 
really high-class Corliss or triple-expansion engine could be put 

* Transactions, 1898. 
t Mr. W. €• Mountain, of Newcastle. 
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he was most intimately conneoted, which in the speaker's 
oase was bleaching, dyeing and printing works. Every speaker 
seemed to think that for these works electrical driving was 
the ' very thing.' He thought, however, that there were a lot 
of difficulties in connection with its adoption. For instance, 
the general speed at which dynamos ran was very high ; how 
would the authors regulate the degrees of speed between 
the motor and the machines? Again, in a bleach works 
there were a number of machines requiring considerable 
power to start with. Assuming they had a motor large enough 
to generate the power initially required, how would it go on 
afterwards? Further, would the motor stand the enormous 
vibration in some of the machines ? 

Mr. John Tatlob remarked that sectional driving was not a 
new thing in this country. Considering the difference of cost 
between steam power and electrical power he could not antici- 
pate a prompt application of the latter. Oldham, undoubtedly, 
was the place to test the merits of its adoption, but in printing 
and bleaching works the heaviest machines were the heavy 
calenders. These required from fifty to sixty indicated W to 
turn them, all working intermittently, and how electricity would 
meet that he did not know. 

Mr. Hans Benold said he had some hesitation in contributing 
to the discussion, because electricity was not a branch of 
engineering with which he was in daily contact, but his 
remarks would be simply from an outsider's point of view. In 
the first place, he thought the authors had somewhat mischose 
the title of their paper by endeavouring, as it were, to lead them 
to think that electricity was to be the future motive power in 
cotton mills. He quite concurred with the opinion expressed 
by Mr. Nasmith when he laid such stress upon the influence of 
the electricity on the cotton fibres, and although it might be to 
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replied that the multiplication of motors was a very serious 
matter, fully corroborating Mr. Nasmith's view aiS( to driving 
lines of shafting and not separate machines, where the exigencies 
were favourable, such as the application of water power, &c., on 
a difficult site. Third, the amount of power required in the 
motors, over the actual, to overcome the inertia of each machine, 
and the effects of sudden strains in relation thereto, where the 
load was irregular, &c. When all these were tabulated he was 
afraid they were still a long way off Mr. Firth's motor millenium. 

Reference had been made to Mr. J. P. Bedson's courage for 
adopting electric propulsion at his new wire mill at Middles- 
boro', but, if the speaker's information be correct, the gentleman 
named was not likely to have many imitators, there being 
several drawbacks and difficulties not anticipated, which applied 
specially to driving wire drawing blocks by electro-motive force. 
To that no inference of a favourable nature, at present, could 
be made from this installation, which in any way solved the 
problem of electric propulsion. 

It was much to be regretted that the figures given were not 
more reliable, such as the cost of rope driving, &c., and the loss 
due to friction. However, as the subject had been taken up, 
they might have the pleasure in the near future of hearing some 
other member give his views on this subject. 

Mr. James Saxon was of opinion that the subject was 
well thrashed out at the first meeting, and probably might have 
ended there if it had not been so fascinating. The authors 
hardly deserved the severe remarks which had occasionally been 
made, because it was distinctly admitted by them that they 
could not give conclusive data till something tangible had been 
done in the direction indicated. He felt relieved, however, 
that steam engines would still be required in the future, if only 
in the promotion and generation of electricity. At the same 
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time the authors would have to adduce some practical and 
definite beneficial results before any capitalists would venture to 
adopt their ideas, notwithstanding the less amount of friction, 
due to the employment of electricity as a motive power, which 
they had claimed. 

It had been clearly demonstrated that the friction in a well- 
oonstructed cotton mill was not so great as indicated in the 
papers. And, further, it must be borne in mind that just as 
electrical engineers were improving, so mechanical engineers 
were advancing in that direction, and the friction of machinery 
was becoming more and more minimised. In that respect, 
therefore, Mr. Bigge had a decreasing element to contend 
with. 

Electrical diffusion, again, was undoubtedly a potent factor 
to overcome, but he felt sure that difficulty could be surmounted. 

It was a surprising fact what a really small amount of power 
was required to drive the machinery in a large establishment. 

He was afraid the authors would not make much headway 
with their scheme until they could clearly demonstrate an 
increased economy in its comparison with the ordinary motive 
power for driving textile machinery. 

Mr. OuBEHuoH remarked that he somewhat differed from 
some of the other speakers, inasmuch as he thought the title 
of the paper referred, not only to the cotton industries, but 
also to the allied trades, namely, the dyeing, bleaching, and 
thai class of works. In the latter trades there were undoubtedly 
enormons savings to be effected, as in many cases the steam 
engines were practically hot-water engines. He certainly did 
think that the time was yet distant regarding the application of 
eleotrioity to cotton mills. Cotton spinners did know the 
advantage of triple-expansion engines, but, in the allied trades, 
they had not realised the many economies to be gained by 



90 BLEOTRIOITY AS THE PUTUBF MOTIVE POWEB. 

progress in the direction indicated. In a large dye works 
he recently visited, there were actually twenty seven separate 
engines and five hoilers. He guaranteed to the proprietor 
that by the application of electrical driving, four of the five 
boilers could be dispensed with. Personally, he thought there 
would be no more injurious effect on the cotton fibre in 
mills where electric motors were adopted than there was at 
present where electric lighting had been introduced. 

Mr. E. J. Duff said fche papers were of great interest, but 
he thought Mr. Firth's remarks on friction were considerably 
overdrawn. The time was probably far distant when shafting, 
gearing, and belting would be cast away in the manner indicated, 
as indeed these agents were largely used in connection with the 
application of electricity for lighting, heating, and power 
purposes. He had some experience of electric lighting, and also 
the electric heating of metals, in connection with which most 
satisfactory and even excellent results had been obtained, 
though he could remember, in their infancy, many partial 
failures were experienced. He thought electrical driving would 
also become more perfect and general. He appreciated the 
efifoi^ts which the authors had made in bringing the subject 
before them, for the reason that so much prejudice appeared to 
exist in this country in regard to anything new, as compared 
with that existing abroad. With reference to the electric 
plant at Middlesboro', as applied to wire-drawing, he would be 
obliged if the authors would explain where the economy of 
electrical driving came in, as compared with a direct drive from 
the engine shaffc, without the intervention of shafting and 
belting, or of electric dynamo wires and motors. He could not 
see the use of losing 10% of power in the dynamo, 2% in the 
wires, and 15% in the motors, or 27 % of power which could be 
almost wholly avoided by driving direct, saying nothing about 
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snoh initiftl cost of plant, and, after upkeep, of providing such 
a ronnd about method of transmitting the power. He would 
also like to know how the insulations stood the shocks due to 
throwing on and off full load instantly, as required, on such 
wire blocks. 

Mr. Saxon had referred to the efficiency of rolling-mill 
engines, page 80, and as he (the speaker) had experience in 
rolling-mill engines of both very light and very heavy types, he 
had found the friction in an unloaded engine and mill vary from 
26 to 80% of the power developed in rolling. He could not see 
how this loss of power could be minimised by electric-driving, 
seeing the drive was generally quite direct in modem mills. 

Mr. Danibl Adamson, having been asked to say a few words 
about electric driving, remarked that he came forward with con- 
siderable diffidence, as he felt he was more open to the charge 
that had been brought against the authors and some of the 
previous speakers of not being able to say much about electric 
driving of textile machinery than they were, but, in this he was 
comforted with the feeling that it ought to be ancient history to 
a Lancashire Society to hear anything about what had been 
brought so nearly to perfection here, and that therefore nobody 
could reasonably be expected to come before them and show 
anything fresh on the lines they had been going on so long. 

He, therefore, looked upon Mr. Selby-Bigge's paper as an 
attempt to divert their thoughts from the present groove, so that 
they might begin to look round and see if they could not get a 
Uttle nearer the perfection they were all striving for by some 
other route. 

The lines he would suggest that this matter be approached on 
was not to look at the small saving, or otherwise, of coal, but 
to ask whether it would not be possible to get more work off a 
given plant by means of electric driving. 
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Saving coal was a very good thing in its place, bnt Lancashire 
had not been bnilt np on savings. He knew a firm who could 
tell for the last thirty years exactly how much oil, coal, waste, 
&o.y had been used per week in each part of their plant, and the 
records looked imposing, but the result had been that they had 
devoted so much time to the saving to be effected on these 
minor points that their business has decayed. 

If, however, it could be shown that by electric driving they 
could increase the output from a mill by say 80 %, as had been 
done with printing machines in the States, then Mr. Saxon's 
minute calculations as to the cost of coal per indicated £P per 
hour, and interest on the increased outlay required were swal- 
lowed up. 

His reasons for suggesting that an increased output might be 
expected from electric driven tools were, perhaps, not based on 
very dependable observations, but nevertheless he thought the 
point deserved some attention. 

They were told by spinners of experience that the speed at 
which cotton machinery ran had now reached the limit the 
fibre would stand, and they were also told that cotton mills 
must run with absolute uniformity. Of course both these facts 
were interdependent if true; but quite unintentionally they 
found out the other day that all mills did not run with the clock- 
like regularity they imagined, and that machines might vary as 
much as 6 to 8 % between morning and afternoon, and as much 
as 8 to 4 % under au hour, and he was credibly informed that 
with a suitable tachometer the revolutions of the engine could be 
counted from the variations of the speeds of the spindles of ring 
frames. All this tended to show that with a regular speed the 
output under present conditions would be increased, and it was 
just such a regular speed they obtained from an electric motor. 
An electric motor when built for a given speed will turn at that 
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Mr. Webb said Lancashire people would be slow to adopt 
anything that did not show on the face of it a saving over 
present conditions, but it seemed to him that if Mr. Selby-Bigge 
had everything cut and dried he would go to cotton spinners 
and not come here, and that things being as they were in a 
sort of half proved state, it would be to our interests to take 
the matter up, and either prove it useless or carry it to a success, 
and not wait until the rest of the world had adopted electric 
driving, in spite of what might be said in that room, as they 
certainly were doing. 

As to the cost of electric power he would refer them to a paper 
by Mr. Alexander Siemens, read before the Northern Institute 
of Mining Engineers, in which he said that for driving their 
Woolwich works the outlay on about 1,200 H' was about 80% 
less than in case of the old plant it replaced, and the actual 
cost per EP per hour over six months was under a halfpenny, 
including coal, wages, wear and tear,, &o. 

One of the previous speakers had spoken of the novelty of 
electric driving as an objection. This, even if true, could hardly 
be considered fatal, or progress would be very slow. Several 
speakers had mentioned the attention that electric motors might 
possibly call for, but our own experience of them went to show 
that the only attention required was that entailed in oiling the 
bearings and keeping the machines clean, which would, of course, 
be much less than doing the same for the numerous bearings 
about a factory ; that would be done away with. In fact, an 
electric motor, properly made and adapted to its work, required 
less attention than a grindstone in the works, as it had no more 
working parts. 

Sparking has also been mentioned, and although this should 
not occur, even with continuous current motors, yet the risk of 
such happening at all could be done away with by adopting the 
three-phase system of electric power transmission, in which 
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motor was inherent to the one-motor crane for at least two 
reasons. First, a larger motor was required on account of the 
lower mechanical efficiency of such a crane as mentioned above ; 
and secondly on account of the different type of motor used with 
each kind of crane. The starting power of the shunt- wound motor 
of the one-motor crane was only about one-third that of the series- 
wound motors used on three-motor cranes. He also mentioned 
the up-keep, &c., of three motors against one, but, as he had 
already said, this was a very small matter ; and, also, it must 
not be forgotten that even if the one motor was switched off 
immediately each time the crane was left (which was unlikely), 
the total time the whole of the three motors would be in opera- 
tion would doubtless be less than half the time of the other, 
with a corresponding reduction in the slight wear and tear that 
did occur. 

Several speakers had objected to the papers before them on 
account of the very general statements made, but he thought 
those who made the most of this point laid themselves open to 
the same objection ; and it might comfort his hearers to -learn 
that our own experience of electric driving was such that 
whoever had tried it would never go back to mechanical trans- 
mission. In conclusion, he thanked them for the opportunity 
afforded of expressing his views on this subject. 

Mr. Henby Webb said it was with the greatest pleasure that 
he rose to move a vote of thanks to the authors for their com- 
munications, as he certainly believed that the subject was the 
most important that could be submitted to any company of 
engineers. He should like the authors to know that the remarks 
which had been uttered were in no sense intended to be in a 
hostile spirit. Of course, on a subject upon which they were 
not practically conversant, it only remained for them to indicate 
any practical difficulties which apparently presented themselves. 
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might prove beneficial. As to the remark that the figures given 
were not *'in accord with modern practice/* he submitted, on 
the contrary, that that was just what they were. If they had 
been in accordance with old notions they would have heard 
nothing about them. They were not in accord with ancient 
practice, because they were obtained on lines approved of by 
present day high scientific authority, and were obtained recently 
from experiments on modem machinery and by himself and 
other practical workers, whose chief fault, perhaps, was their 
enterprising spirit. 

Mr. Nasmith's remarks, he considered, were very much to the 
point, and exactly fitting the occasion. He would only notice 
one or two points in passing, and the first was with regard to 
Hope V. Belt driving. Mr. Nasmith said that these experiments 
described by M. Fauquier in his paper, to which he had drawn 
attention, were << absolutely worthless.'* Undoubtedly this may 
be so as affording scientific data for future operations. Still, the 
results might be taken as an instance, in actual practice, of the 
baneful results accruing from bad design and malpractice ; this 
was the object he had had in view, and thought it answered its 
purpose very well. As to the friction and changes in velocity 
in electric motors : for the former all depended on the method 
of application. The internal friction of a machine, of course, 
would not be affected by an external motor, but if spindles were 
driven by independent motors it would be a consideration, very 
greatly in favour of the electric drive, because of the saving in 
bands, driving cylinders, belting, &c., and the friction arising 
therefrom. In the case of cards, he remarked in his paper that 
it would be inadvisable to drive each one separately; a line 
shaft would probably be best. So far as change of velocity was 
concerned, under varying loads, electricity would compare very 
favourably with mechanical transmission, 8 % or even less being 
quite within practical reach. 
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to use a vnlgarism, stand to be shot at. He welcomed fair 
oritioism of every kind. 

When he first brought up before the Iron and Steel 
Institute the question of running the machinery contained, in 
iron, steel and engineering works electrically, many objections 
were raised to his views, and although many difficulties had to 
be met, faced, and overcome, the result had been that the 
applications recommended had eventually proved a great success. 

When he first thought of developing the application of 
electricity to the textile and allied industries, Lancashire 
immediately recurred to him, and it was to that county that 
he determined to submit his views, as in no part of England is 
so great attention paid to steam economy and saving in fuel as 
in the Manchester district. 

In selecting the title of his paper, '* Electricity as the Future 
Motive Power in the Textile Industries,*' he certainly did not 
at the time intend it to be inferred that it applied solely to the 
cotton industry, but rather that it should embrace not only the 
cotton industries, but also the allied industries such as printing, 
dyeing and bleach works, etc. However, as many speakers had 
taken the title to refer simply to cotton mills, he would reply to 
the points raised as far as lay in his power. 

Mr. Webb had remarked that in the paper there was a certain 
paucity of information. They would all probably admit, con- 
sidering what had been done in this country, in America, and 
on the Continent in reference to electrical driving of textile 
machinery, that the information could not have been at the 
present moment much enlarged. 

As he stated in the beginning of his paper, his object was to 
promote a thorough discussion and to ventilate a question 
which had never been raised before at a public meeting. 
In this manner, he would be able to obtain from people who 
had been all their lives versed in matters appertaining to the 
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ootton industries, what, in their opiuion, would be the stumbling 
blocks to the applications of electric motors for this particular 
work. He did not stand before them as affecting in any way to be 
himself conversant with the details of textile work. Certainly, 
he had been through a great many mills and had a general 
knowledge of the machinery employed. He wished to learn 
from the members of the Association which he now had the 
honour of addressing, every objection which could be raised 
to the application of driving, and then if possible to reply fully 
to every objection raised. 

By way of supplementary information, however, he would 
cite to them the case of an American Installation on a very 
complete and large scale at the Columbia Cotton Co's. Mill. 

The three phase system was chosen as offering special 
advantages for this work. 

The mill being situated within about 200 yards of a river, 
water power was adopted for driving the electric generators, 
which are each of 600 kilowatts capacity, or about 670 electrical 
ff . each, which he believed to be one of the largest multi-phase 
generators built, running at only 108 revolutions per minute. 

The variation in load on a mill linked together mechanically 
is so slow and small that the speed can be held to be almost 
uniform ; in a distribution by motors, however, each motor 
must be capable of driving its shafting at a uniform speed, 
although the variations in the load put upon it might be con- 
siderable and very sudden. 

This point was fully recognised. 

The speed of the motors, of which there are 17, is 685 revolu- 
tions per minute ; the highest variation in speed of any 
individual motor is 2-2%, and from that down to 1*6 % in the 
various motors. 

Each motor is of 66 IP, and is of the induction type, without 
commutators, brushes, or collecting rings of any sort, which is 
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an advantage in cotton mills, where fluff or cotton fibre is float- 
ing about in the air. 

The motors are bolted on to the ceiling, and are coupled 
direct on to the countershafts. 

The generators are driven by two double horizontal turbines, 
48 inches in diameter. The working head is about 25 feet. 

The voltage at the generator terminals is 675 volts, and is 
delivered to the motors at the mills without any intervention of 
transformers. 

Each generator is separately excited by a small dynamo, and 
the current from this is used for lighting the mill as well, with 
800 lights at a pressure of 110 volts, on the Edison three- wire 
system. 

The loss of energy in the cables is limited to 2 %. 

The motors are all provided with resistances, placed within 
the armature spider. These resistances are used only in start- 
ing, and are cut out after the motor is nearly at speed by 
inserting a long lever into a socket and sliding a ring along the 
armature shaft until it short-circuits the resistance coils. 

Dr. Lous Bell, in a recent article in Gassier' s Magazine upon 
this installation, and from which the above particulars are 
taken, says (and he cannot do better than quote him) : '* As to 
the actual operation of the plant, it has now been working 
steadily for over eight months without the slightest mishap, and 
with singularly little attention, more than fulfilling both the 
guarantee made and the hopes of the mil] engineers. It 
furnishes at once the largest multi-phase plant now in opera- 
tion, and the first sweeping application of the electric motor for 
driving machinery for textile manufacturing.*' 

Mr. Joseph Nasmith, in the course of his interesting remarks 
on the subject, touches on the question of the vital importance 
of regularity of speed. The speaker had just alluded to the 
regularity of speed in the case of the Oolumbia Mill. 
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Mr. Adamson, who had proved quite one of his strongest 
supporters, during the discussion had devoted a great deal of 
time to getting to the bottom of these matters, and had given 
them some most interesting information as to the large scale 
upon which electric power work had been carried out in Switzer- 
land. 

Mr. Alfren SaxoUi the speaker understood, had said that the 
loss of friction did not increase with the load on the shafting, 
at any rate more than momentary. He (Mr. Bigge) could not 
quite follow Mr. Alfred Saxon in his argument, as it was a 
well-known fact that friction increases in a certain proportion 
to the load thrown on the shafting, gearing, or any mechanical 
form of transmission of power. 

Several speakers had referred to the allied industries of dye- 
ing, printing, and finishing works, such as those of Mr. Marsden. 

Mr. Ashbury had asked what the various efficiencies of 
an installation of this class would be. 

The speaker, in reply, said that in small plants of this descrip- 
tion they reckon the efficiencies as follows : — 

Dynamo 98% 

Cables 96-7% 

Motors 85% 

Total efficiency 76-4% 

In the case of Mr. Marsden's installation, and which the 
speaker believed was the first complete installation of the kind 
in this country, as the new annex to the works which had been 
dealt with, was driven and lit throughout by electricity, the 
machines driven included mangles, drying machines, fans, dye 
jigs, wetting-out machines, washers, &c. This installation had 
proved in working a thorough practical success. 

In the majority of print and dye works there were a large 
number of high pressure engines driven from a number of 
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boilers, and it might be confidently taken, that, by a judicious 
and proper application of electrical driving, in the majority of 
cases one-half of the coal bill could be saved, and in some cases 
more than this. He thought that there was a great and 
nndeniable future for the application of electricity in such 
works as these. 

Mr. Ashbury had questioned the cost of upkeep of electrical 
installations. 

The speaker would at once point out that the question of 
upkeep was one of the greatest points in favour of electrical 
driving. He had had recently through his hands, and under 
his direct observation, a number of installations of electric 
power where electricity had been applied under very varying 
conditions, and the cost of repairs of all these installations 
during a year's running had been practically nil. As a matter 
ot &ot, there was very little in a motor to require any attention. 
The motors were provided with automatic lubrication and 
carbon block brushes, which fed themselves forward auto- 
matically as they wore away. 

In large installations, where there were from 40 to 50 motors, 
the contractors were perfectly willing to undertake the upkeep 
at 6 % per annum on the total cost, and this should prove an 
outside figure. 

The cost of upkeep, in actual installations the speaker had 
had to do with, did not average more than 2 to 8% per annum 
on the capital expenditure. 

With regard to the sensitiveness of the electrical system, 
that was very marked indeed, and in fact it would be impossible 
with any mechanical means to get the direct proportion between 
the work done and the indicated H^ on the engine, in such a 
sensitive and instantaneous manner as could be obtained elec- 
trically. 
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Mr. Gass had referred to the qaestion of central stations for 
driving. The speaker beheved these woald come in the future, 
and had already touched on this point. 

Replying further to Mr. Gass as to the possibility of regu- 
lating the speed of electric motors, he would inform him at 
once that the motor could be regulated or constructed to run at 
any desired speed. There were various devices for that purpose, 
which were in daily operation in most electric power installa- 
tions. If the motor was built with sufficient margin and capacity 
it would continue to run at a fixed speed whatever the variations 
in load might be. This was a very important point in cases 
where an absolutely steady speed was required. It was neces- 
sary, however, for this that the generating machinery should 
maintain a fixed voltage, and this brought one back to the 
governor of the steam engine. 

Mr. Gass had asked how the motors would stand when 
heavy loads were suddenly thrown on and as suddenly thrown 
off. He (Mr. Bigge) had carried out a number of applications 
of electric driving under these exact conditions, and provided 
the motors were of sufficient size had met with no difficulty in 
this respect. 

Mr. Gass next mentioned the question of vibration owing to 
the direct gearing of motors to machinery. There were cer- 
tainly difficulties with regard to the gearing direct of ordinary 
built motors, and after a certain time, the connecting wires 
between the armature and commutator would very likely snap. 
In all cases of electric driving they had to design the motors 
for the work they were required to do, and in such cases as 
these, the speaker recommended flexible connections between 
the armature coils and the commutator. When the armature 
was built mechanically and electrically to withstand the jarring 
influence of direct gearing and rough -work, there was no 
difficulty in getting the armatures to stand. 
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without practically any expendituie having been made. This 
would, however, be found the case in mechanical work, as well 
as in electrical, and no .hard and fast rule could be laid down 
for the life of dynamos and motors. 

He regretted that it was impossible for him at present to 
give them more specific information as to the driving of textile 
machinery electrically for the simple reason that applications 
in this direction at the present moment were few andi fiar 
between. They were, however, engaged in a number of experi- 
ments in connection with textile machinery. Several motors 
had been built of the enclosed type for the direct driving of 
ring spinning machinery. These motors formed a part of the 
machine themselves. 

He hoped that at some future time he might have Ae 
pleasure of submitting to them the results of these and other 
experiments. 

In conclusion, he had to thank the gentlemen present very 
cordially for the kind and attentive way in which they had 
listened to the remarks he had made, and trusted that the 
discussioQ which had taken place would be the first step on the 
ladder to opening up a subject which was undoubtedly destined 
to be one of the greatest importance in the near future to those 
interested in the textile and allied industries. 
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if only the water in the oylinder could be got rid off early, for 
the dry steam would not carry off very much heat, and the 
point to aim at was an early re-evaporation of all condensed 
steam, if any initial condensation did occur, or, better still, to 
stop such condensation by the drying and superheating of the 
steam to the safe limit. 
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Mr. Gilbert Lewib in a oommunioation vrote : HaviDg hod 
Bome little experience in the monafootore of pistons, especiall; 
with very large aizea, he had listened to Mr. Butterworth'a paper 
with great interest. He coald not altogether follow him in his 
theoriee, but thej had heard enough to prove that one of the 
moGt important factors to a good engine was a good piston. 
Thej employed the best appliances for boring a truly oylindrioal 
and parallel cylinder — therefore the piston fitting it should be 
of the best construction, so that working under all conditions, 
it should maintain that perfection. Had they gob such a. pisttm? 
He thought not. If they examined the wear of an ordinary 
BEbmsbottom ring it would always be found uneqaai and 
principally on the shoulders. They might therefore oondade 
that if the ring wore unequally, so did the cylinder. PistonB of 



the Mather type with their inner coils or asBemblage of rings 
minimised this unequal pressure of the single ring. But all 
pistons of this type with heavy cast-iron outer rings, expanded 
by either Goodfellow's or Mather's internal rings were by their 
excessive weight when applied to large horizontal cylinders, 
apt to sag down and allow the steam to pass on the top side. 
With large cylinders of 50 to 60 inches diameter, with pistons 
of (he Goodfellow type, he bad found it impossible to maintain 
a good vacuum owing to this leakage on the top side. In bis 
opinion, such heavy piston rings should always be supported on 
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Mr. Gilbert Lewis mentions the difficulty met with in large 
pistons working horizontally where the piston rings invariably 
leave the top of the cylinder. The difficulty had been overcome 
in several large pistons ranging &om 50in. to 90in. diameter, 
in the following manner. The rings used were of the section 
shown in Fig. 8, having an ordinary circular spiral spring to 
force them against the cylinder and sides of groove in piston. 

The spring was made in two lengths, each perfectly straight 
and so strong that when bent to a semi-circular shape they 
exerted a considerable force tending to get straight again. The 
joints between the ends of the springs when in the piston were 
fixed one at the top and the other at the bottom of same, and 
in this manner the effort of the springs to resume their straight 
form was made to keep the rings firmly to the top side of the 
cylinder. 

It was pleasing to note from Mr. Donnelly's communication 
that the North Eastern Bailway Co. had overcome the 
difficulties formerly attending the use of piston valves. It was 
a well-known fact that several of the large railway systems 
were devoting their attention to the same thing and the result 
could not fail to be an important decrease of friction, especially 
on light loads and high speeds. If one of those who had the 
advantage of conducting experiments on locomotive piston 
valves, could state their experience, it would be a most valuable 
contribution to current engineering literature. 
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Mr. Ramsbottom's Apparatus foa DSTfiRMlNiNG the proper form 

OF PistoN Rings. 



R — The ring as ooiled. 
Ri — The ring when sprang out. 
C —The oords attached to the ring. 
P — The pulleys over which the cords are led. 
W— The weights suspended from cords C. 
P>— The internal pulleys over which the coeds are led to 
test the rinx after it has been sprang out. 
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in the latter railway that the mechanism provided to press the 
cast-iron shoe upon this steel 8rd rail was not required. 
The weight of the simple shoe dragged along by inclined links 
provided ample pressure upon the rail. 

In France also the 8rd rail has its advocates, and two 
locomotives of 400 W are now being constructed to this system. 

The conduit system found one of its first successful applica- 
tions in 1885 at Blackpool. The system is open to the objections 
that dirt, snow and water get down into the conduit through 
the slot and afford facilities for leakage &om the conductor. 
Hitherto the Board of Trade has discouraged the introduction 
of this as of other imperfect systems which may have become 
popular in other countries. It is found difficult to prevent 
leakage in these open conduits, and 800 volts is the highest 
tension recommended. The early morning leakage at Blackpool 
amounts to 80 amperes.* 

Several other conduit systems have been tried in Europe 
and America, among others those of Bentley-Enight, Love, 
Gonnett, Wheless, and the Buda Pesth. 

The most promising is that recently installed in Lenox Avenue, 
New York, in which the conduit contains two conductors placed 
six inches apart. The difference of pressure in these two 
circuits is 850 volts, and a plough attached to the locomotive 
presses between them gathering current from one and returning 
it to the other. In this way no current passes through the rails 
or the wheels and axles. This system being cheaper than the 
cable, and free from many of the objections to the " trolley," 
seems likely to extend. 

The closed conduit has been employed experimentally with 
some success; having no slot the conductor is entirely 
protected from dirt and weather. It has been put down at 
Lyons in 1894, at Washington, and other places. In Gordon's 

*Made in January, 1888. See page 211. 



214 BLBOTBIO LOOOMOTIVES. 

Sweden. In outward appearance this resembles the City 
and South London underground railway locomotives,* con- 
structed by Messrs. Mather and Piatt, with the assistance 
of Messrs. Beyer, Peacock, and Co. A 300 volt current is 
employed, and in the Swedish engine the gearing between the 
double armature and the axle is in the proportion of 10 to 1. 

Single Bedtcction, By far the greatest number of electric 
street motors running at the present day are driven by single 
reduction gearing in the proportion of 4 or 4^ to 1. In the 
workshops at Pittsburgh and at Lynn these geaor- wheel blanks 
may be seen fixed in rows of automatic gear-cutting machines, 
in which two complete teeth are cut from the solid blank at 
each stroke of the machine table. 

The extent to which this system of motors has come into use 
in America may be illustrated by the amount of traffic on the 
electric roads of Chicago upon a single day which I spent in 
the Columbian Exhibition. There were 26 miles of electric 
tramway in the city, upon which ran 51 double motor cars, 
10 single motor cars, and 73 trailing cars. Upon this one day 
in October, 1893, 11,271 car miles were run and 208,575 
passengers carried. The electric supply was maintained 
throughout the day at an average pressure of 540 volts. For 
20 hours the average flow of electricity was 1,050 amperes, the 
maximum output being 17,000 amperes. The coal consumed 
during the day in producing this electricity was 23 tons.f 

The popularity of this overhead trolley system may be further 
illustrated by the traffic over the electric street railways in 
Pittsburgh on the 4th July last, when the number of fares taken 
was equal to the whole population of the city. 

The same system is working well on the Boundhay Park 
tramway in the neighbourhood of Leeds, but the regulations of 

* See Institution of Civil Engineers, Feb. 14th, 1898, Dr. Edward Hopkinson. See 
also page 216. 

tSee "Engineering," January Uth, 1895. 
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America. The old horse car axle was loaded with the dead 
weight of both gearing and magnets until it broke. It was then 
strengthened and made of Bessemer steel. But recent develop- 
ments of springs and levers supporting the dead weight, coupled 
with a more substantial permanent way, have greatly reduced 
these breakages. There is, however, no constructional difficulty 
in making the axle as strong as needful, and in the form of a 
tube if desired. 

The Detroit Electric Co. have obtained the advantages of 
stability, previously claimed for the method of chain driving, 
by using bevel gears and a hollow shaft driving the axle 
through helical springs. 

Direct Driven. We now come to the direct driven loco- 
motive with its less friction and wear, but larger motor. An 
example of this has already been described* in the 27 ton 
experimental machine exhibited and tested in a '< Tug of War " 
at Chicago. 

One of the earliest and perhaps most successful of the direct 
driven locomotives is to be seen on the City and South of London 
tunnel, t This engine weighs 10| tons upon two axles, each 
of which carries, besides its own armature, half-a-ton of the dead 
weight of its field magnet upon a pair of journals. The other 
ends of the field magnets which are inclined at an angle of 45^ 
are suspended from a girder spanning the frames. These motors 
can each exert 60 H* at a speed of 25 miles per hour. While 
running the current varies between 50 and 100 amperes, though 
this may rise to 150 amperes upon the steepest grades, and the 
maximum tractive effort at starting may exceed 1 ton. Westing- 
house air brakes are fitted both to engines and train, the air 
being stored in reservoirs upon the engine and replenished at 
the terminal station. 

* See page 203. 
t See International Railway Congress, Question VIII., 1895f 
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the cost per Board of Trade Unit, including office expenses, 
reached 1*56 pence. Again, cost of operating * 6 miles of double 
track electric line per day of 16 hours, in the United States — 

18i tons of coal for 600 BP ^40.50 

120 motor men and conductors (ff2) 240 

Repairs to cars, trucks, and motors 140 

Repairs to track, overhead construction, 

and buildings 80 

Other items 808-60 

Operajking 5,700 miles = $ 809-00 
Cost per car mile = 14*04 cents, or about 7 pence. 

The cost of operating a cable and an electric line is nearly 
the same for an equal length of road and the same car mileage. 
The depreciation of the cable is almost offset by the repairs of 
the overhead wires and dynamo tenders, other items being the 
same. 

The relative cost of operating tramways by electricity, horses 
and steam, when each is in regular order, may be taken from 
the cost of three large typical tramways : — 

Electricity — City of London 5.81 pence. 

Horses — Frankfort 8*02 „ 

Steam — Birmingham, average of 4 lines. 7*81 „ 

The Halle electric trams, among the most successful in 
Germany, notwithstanding the low fare l^d., are very com- 
fortable. The cost of working them amounts to 59 % of the 
receipts, leaving sufficient profit for a dividend of 5*1 %. 

The Boston tram system has hitherto cost about 1/- per car 
mile, which is about the same as that of the old horse-car 
system. But this cost is being reduced as the system grows, 
and the cost of operating in the less crowded districts is from 
4d. to 6d. per car mile. 

* For farther information see " The Eleotrio Bailway," by Crosby and Bett» 1892. 
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tively slow moving car axles. As early as 1882 he said Mr. Volk 
used chain gear on an electrical car in Brighton, which was 
running for several years. Messrs. Siemens, of London, who 
supplied the electrical equipment to the Giants' Causeway lines 
in 1884, also used his (Mr. Benold's) chain gear. This line with 
some six or eight cars had now heen running for 11 years. In 
1885, he supplied some powerful chains to the Bessbrook 
Electrical Bailway, which was electrically equipped by Messrs. 
Mather & Piatt of our city. This line had been doing a very 
heavy service for 10 years, and the chain gear had proved fairly 
satisfactory. The Blackpool cars also were running for some 
time equipped with his chains. Electrical car work seemed to 
him to be very much like that of cycle driving, where nothing 
had proved so satisfactory and simple as chain gear. The 
conditions met with were the following : — 

1. A certain amount of flexibility or unrigidness must exist 

between the power giving and receiving axles. 

2. A very great margin of strength must be provided beyond 

that required for the ordinary work, to meet the sudden 

startings of the car. (No less a safety than 30 has been 

found to give satisfactory results.) 
8. A great reduction of speed from dynamo to car axle is 

required, and no large diameter wheels are admissable. 

All frictional methods have been found wanting, not 

being able to withstand the grit of the roads or the wet. 
4. The transmission of power should be noiseless or 

nearly so. 
Whilst above-named applications could not be cited as com- 
pletely satisfactory, still they had offered a valuable field for 
gathering experience, and had formed stepping stones to find 
a more complete method. For some 10 to 12 months he had 
now had under test a new form of chain and wheels which had 
been found very satisfactory, and one more of the several 
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The CoiiDcil have pleasure in presenting the 40th Annual 
Beport of Proceedings. 

To the membership roll during the year have been added — 

13 Honorary Annual Members. 
13 Ordinary Members. 

Total 26 

and after taking into account the loss by death, resignation and 
erasure, the total number of names of all classes on the roll 
amounts to 868, as against 360 in the previous year, namely : — 

27 Honorary Life Members. 
126 Honorary Annual Members. 
215 Ordinary Members. 

Upon reference to the Financial Statement as certified by the 
auditors (see pages 266-7), it will be seen that the balance standing 
to the credit of the Association after payment of all accounts 
due up to the 31st December, amounts to £3,645. 15s. Id., as 
against £3,469. 3s. 6d., at the close of the preceding year, 
thus showing a surplus of £176. lis. 7d. on the year's working. 

They are pleased to report that the payment to the super- 
annuant members has been at the rate of 7/- per week, and 
that during the coming year this allowance will be increased to 
8/6 per week. 

It is with profound regret the Council have to record that 
during the year death has removed the following members, 
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brief memoirs of whom are appended on pages 264 and 265. In 
accordance with resolutions, letters of condolence and sympathy 
have been forwarded to the families of the deceased members : — 



Burnet, L. - 


Glasgow. 


Farmer, Chris. - 


Salford. 


Hall, James 


Do. 


Eilgour, Robert - 


London. 


Meixner, F. 


Manchester. 


Vickers, George - 


Salford. 



The following gentlemen have resigned their membership 
during the past year :— 

Goodfellow, F. - - Hyde. 

Heaton, Ed. - Manchester. 

Pritchard, J. - - - Oldham. 

Wilson, S. - - - Manchester. 

Wrigley, F. - - Salford. 

The following gentlemen have ceased to be Members during 
the past year: — 

Jones, M. - - - London. 

Martin, H. W. - - - Manchester. 

Bidgway, J. - - - Do. 

Stansfield, S. - - - Do. 

Scott, F. .... Sheffield. 

Wood, W. - - - - Manchester. 

Wrigley, J. S. B. - - Oldham. 

The following gentlemen have been added to the Membership 
Roll during the past year: — 

HONORABY MeMBEBS. 

Bond, J. T. ... Bolton. 

Day, C. - - - - Davenport. 

Grandison, J. L. - - Salford. 

Hewitt, T. P. - - - Prescot. 

Hunter, W. H. - - - Stretford. 

Jenkinson, T. - - - St. Helens. 

Eelsall, J. E. - • • Bolton. 
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Mottram, B. 




- 


Salford. 


Row, 0. M. 






Flixton. 


Htubbs, J. H. • 




- 


Manchester. 


Spencer, H. B. - 




m 


Do. 


Wrigley, F. 




m 


Todmorden. 


Wick, F. J. 




- 


Manchester. 


Obdinabt Membbbb. 


Baines, E. N. 


- 


- 


Longsight. 


Beard, B. H. 


- 


- 


West Gorton 


Buckley, E. W. - 


- 


- 


Manchester. 


Daniels, G. 


- 


- 


Beddish. 


Dnmford, J. "W. - 


- 


- 


Manchester. 


Halliwell. H. - 


- 


- 


Do. 


Hepworth, J. W. 


- 


- 


Do. 


Muddiman, J. 


- 


- 


Altrincham. 


Mercer, C. - 


- 


-- 


HoUinwood. 


NuttaU, J. U. - 


• 


- 


Clayton. 


Oexle, E. J. 


- 


- 


Manchester. 


Phillips, J. R. - 


- 


- 


Do. 


Southworth, J. T. 


- 


- 


Do. 



Similar to last year, 17 General Meetings of the Association 
have been held, 12 of which having been for literary or business 
purposes, three to inspections and the remainder to Social 
gatherings. The visits of inspection were as follows : — 

June 27. — ^Barrow-in-Furness for inspection of the works of the Naval 
Construction and Armament Company, Ltd. Attendance 94. 

Sept. 14. — Liverpool for inspection of the White Star S.S. ** Teutonic," and 
the Electric Generating Station of the Overhead Bailway. 
Attendance 130. 

Oct. 12. — Inspection of the Salford Corporation Gas Works. Attendance 70. 
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Papers Eead and Discussions held during the Year. 

Jan. 12.— Inaugural Address by the President, Sir E. Leader Williams, 
on " The Suez and Manchester Ship Canals." 



tt 



26. — On ♦* Electricity as the future Motive Power in the 
Textile Industries," by Messrs. D. Selby Bigge and G. H. 
Firth. 

Feb. 23. — Discussion on ditto. 

March 9.— Discussion on " Steel Castings," introduced by Mr. Alfred 
Saxon. 

„ 30.— On "Gas Lighting for Public and Private Buildings," 
by Mr. John West, M.Inst.,C.E. 

Oct. 26.— On ** Cylinder Condensation, and some means of 
combating same," by Mr. W. H. Booth, London. 

Nov. 9.— On ** Pistons and Piston Valves," by Mr. J. Butterworth, 
Manchester. 

„ 23.— On " Electric Locomotives," by Mr. Edgar Worthington, 
Manchester. 



The Council have pleasure in recording their great thanks to 
the Directors of the Naval Construction and Armaments Co. for 
allowing the memhers to so unrestrictedly inspect their famous 
works. 

Similarly, their thanks are due to Messrs. Ismay, Imrie & Co., 
of the White Star Line, for the kindness and hospitality which 
characterised their reception of the memhers and ladies during 
their visit to the Teutonic, which certainly rendered this 
meeting an exceptional success. 

Finally, to Mr. S. Y. Shoubridge, the Council are indebted 
for the attention and courtesy he showed to the members who 
visited Salford Corporation Gasworks. 



248 ANNUAL BEPOBT. 

ANNIVERSARY DINNER. 

The Thirty-ninth Anniversary Dinner of the Association was 
held on Saturday evening, February 9th, at the Grand Hotel. 
Sir E. Leader Williams, President of the Association, occupied 
the chair. 

After the toast of **The Queen and the Boyal Family," 
submitted by the Chairman, 

Mr. H. Webb (Bury), in the absence of Mr. J. K. Bythell, 
proposed the toast of **Our Municipal Corporations.*' In doing 
so, he said he was afraid municipal corporations were making 
a mistake in overdoing the matter of technical education. It 
was not necessary for towns to spend enormous sums in tech- 
nical schools and technical education, with a great deal of 
consequent overlapping. He was afraid that in the city of 
Manchester, which was in the very first rank of municipal 
corporations, and the neighbouring borough of Salford, unless 
they were very careful, a considerable amount of foolish money 
would be spent in overlapping and doing things which other 
institutions were already doing well. 

Sir B. T. Leech, in responding on behalf of the Corporation 
of Manchester, said there was no country in the world where 
municipal institutions were carried out in so pure a manner as 
in England. Manchester, he held, was a fair sample of a well- 
governed city. He was perfectly convinced that in the North 
of England they took a right and liberal view in respect to 
municipal institutions. They were told by their friends in the 
South that they had gone very far ahead. He believed they had 
rightly done so. In London many large works were carried out 
by private companies. In Manchester they took those things 
into their own hands, and he believed, with the best results, 
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distingnished past member of that Association — he referred 
to the late Mr. Daniel Adamson. (Applause.) They would 
always treat Mr. Adamson's memory with the greatest possible 
respect. He felt sure the canal would do a good work for 
Manchester, and, indeed, the good it was doing was already 
apparent. 

The Matob of Salford (Mr. Alderman Mottram) also responded. 
He said he noticed that at the next meeting of the Manchester 
Corporation a motion was to be brought forward advocating the 
amalgamation of Manchester and Salford. Before Salford joined 
Manchester they would take great care that Salford suffered no 
disadvantage from amalgamation. Manchester and Salford were 
two great towns, and in his view it would be better that they should 
be separate municipalities. If, however, Manchester could prove 
to the people of Salford that there were advantages in amalga- 
mation, the people of that borough would be prepared to receive 
the attentions of Manchester. With reference to what had been 
said about technical instruction, the question was of the greatest 
importance. They in Salford were erecting a technical school, 
and, he thought, with a population of over 200,000, they were 
entitled to have such a school and were well qualified to support 
it. He could promise that their school would not, if it were at 
all possible, clash with Manchester in any way. They intended 
to take up subjects which Manchester would not teach, and he 
hoped Manchester would follow the same course in regard to 
Salford. Salford was doing very well, in spite of little rumours 
that got abroad about deficits. (Laughter.) Theirs was not 
the only borough which had a deficit only they happened to be 
found out. (Kenewed laughter.) 

The Mayor of Bury (Mr. Alderman Hall) also responded. 
Mr, T. AsHBURY proposed the toast of ** Our Guests," 
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Mr. T. Danibls, the Vice-President proposed, and Mr. E. G. 
OoNSTANTiNE secouded a vote of thanks to the Salford Corpora- 
tion and to Mr. Shoubridge, for the kindness shown to the 
members during the inspection of the works in the afkernoon, 
both gentlemen speaking in very complimentary terms of the 
excellent condition in which they found every department they 
had gone through. Mr. Constantino added that a great deal 
had been said a few years back during the gas-stokers' strike 
with regard to the dreadful conditions under which men laboured 
in the gasworks. If, however, other gasworks were conducted 
on the same lines as those of the Salford Corporation, he could 
not see that the men had much ground for complaint as to the 
conditions under which they laboured, and certainly they were 
not to be compared with the conditions under which firemen 
had to work on board steamships at sea. 

Mr. SHOuBRmoE, in responding to the vote, remarked that he 
hoped from what they had seen that day they would be satisfied 
that the gas industry was not in the moribund condition that 
some people said it was, but that with modern appliances for 
gas manufacture and new and improved burners for its con- 
sumption, it had still a long life before it. 

Mr. T. Daniels, in the course of a short address, next brought 
forward as a subject for discussion the '' Manchester School of 
Engineers," and gave a short review of the life and work of 
Sir William Fairbairn, who, he said, was one of the principal 
comer-stones of the past history of the engineering profession of 
that district. 

In the discussion which followed, Mr. A. Saxon remarked 
that in Sir William Fairbaim's time he must have had a 
better stamp of workmen about him than engineers had 
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LIBRARY. 

The following new books have been purchased and added to 
the Library: — 

Alternate Carrent Transformer. 2 vols. Fleming, J. A. 

Alternating Currents of Electricity. Blakesley, T. A. 

Alternating Currents, Polyphase. Hospitalier. 

Civil Engineers Pocket Book. Trautwine, J. C. 

Dynamo, The. Hawkins A Wallis. 

Dynamo Machinery. Hopkinson, J. 

Electricity, A B C of . 2 additional copies. Meadowcroft, W. H. 

Electric Lamps and Electric Lighting. Fleming, J. A. 

Electric Current, how produced and how used. Walmsley, B. M. 

Machine Design, Elements of. Parts I. and II. Unwin. 

Mechanical Engineers Reference Book for 

Machine and Boiler Construction Foley Nelson. 

Steam Engine, Practical Treatise. 2nd edition. Bigg. 

Steam Power and Mill Work. Sutcliffe, G. W. 

Steel Works' Analysis. Arnold, J. O. 

Telegraphy. Preece & Sivewright. 

Telephony. Preece & Stubbs. 

The Council have pleasure in acknowledging the following 
donations to the Library : — 

The Indicator and Engine and Boiler Testing. 

Presented by the Author, Mr. C. Day, Member. 

Economisers : Detailed Reports of two seiies of tests on the relative 
value of heating the Feed Water for Steam Boilers by Economisers 
of Green's type, and the circulating system, made by the four 
principal Insurance Companies. 

Presented by Mr. J. Parker, Member. 

Screws and Screw Cutting. Presented by the Britannia Co. 

Gas Stoking and Labour-saving Machinery. 

Presented by Mr. John West, Member. 
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The Association exchanges TransoAStions with the following : — 

Amerioan Institate of Mining Engineers. 

,, Society of Mechanical Engineers. 
Canadian Society of Civil Engineers. 

Engine, Boiler, and Employers Liability Insurance Company. 
Franklin Institute, America. 
Institution of Civil Engineers of England. 

„ Engineers and Shipbuilders in Scotland. 

„ Mechanical Engineers. 

Iron and Steel Institute. 
Liverpool Engineering Society. 
Manchester (Geological Society. 

„ Literary and Philosophical Society. 
Midland Institute of Mining, Civil, and Mechanical Engineers. 
Mining Association and Institute of Cornwall. 
Mining Institute of Scotland. 
National Boiler Insurance Co. 

North of England Institute of Mining and Mechanical Engineers. 
North-East Coast of Engineers and Shipbuilders. 
South Wales Institute of Engineers. 
Society of Engineers. 

The following Publications are received periodically : — 

Colliery Guardian. 
Electrical Review. 
Engineer. 
Engineering. 
Industries and Iron. 
Iron and Steel Trades' Beview. 
Marine Engineer. 
Mechanical World. 
Practical Engineer. 
Textile Mercury. 
„ Recorder. 
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REPORTS OF EXCURSIONS. 



VISIT TO BARROW-IN-FURNESS, THURSDAY, JUNE 27th. 

The Association devoted the first of its usual summer excursions to 
centres of engineering interest, to visiting the extensive works of the Naval 
Construction and Armaments Co., at BaiTow-iu-Furness, permission to 
inspect which having heen very kindly granted hy the directors. The party, 
which numbered upwards of a hundred, was conveyed by special train from 
Manchester, and, after luncheon at the Imperial Hotel, reached the works 
at one o'clock. Every facility was there afforded for a complete inspection of 
the marine engineering plant and all work in progress, the heads of the 
several departments being deputed to conduct the members all through the 
engineering shops and the shipbuilding yards. The inspection, which was 
full of interest throughout, occupied the whole of the remainder of the day, 
and commenced with a tour through the erecting and boiler shops, iron and 
brass foundries, and then on to the shipbuilding yard, where the chief 
portion of the time was occupied in going over several of the war vessels in 
hand for the Government. The most important work which the firm have 
on hand is the building of H.M.S. Powerful^ a first-class cruiser, and sister 
ship to the Terrible^ recently launched by Messrs. J. & G. Thomson, 
Clydebank. The engines for this vessel, which are well advanced, were 
seen in course of construction in the erecting shop, and consist of two sets 
of vertical triple- expansion engines, with four cranks, the special feature 
being the introduction of two low-pressure cylinders, the diameter of the 
cylinders being 45in. high-pressure, 70in. intermediate, and 76in. for the 
two low-pressure cylinders, the stroke of all the cylinders being 4ft., and the 
I.H.P. of the engines is expected to be 25,000 without forced draught. The 
chief interest, however, perhaps centred in the Belleville water-tube type of 
boilers, which are to supply steam for these engines, and respecting which 
so much discussion has recently taken place in Parliament. There are to 
be forty-eight of these water-tube boilers, each having about 120 tubes, and 
the total length of these tubes, if placed end to end, would, it was estimated, 
be something like 9^ miles. Each boiler is to be independent, so that in 
case of accident to any one boiler it can be readily thrown out, and there 
would be no interruption of the continued supply of steam for the remaining 
forty-seven. The total heating service of these boilers is about 68,000 square 
feet, with a bar surface in the grates of about 2,200 square feet ; the working 
preBSure in the boiler is to be 2601bs. per square inch, which will be 
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SALFORD COBPOBATION OASWOBES. 

The Regent Boad Works and the Liverpool Street Works are situated on 
either side of the London and North Western Railway to Liverpool, and are 
connected by a foot-bridge. They were commenced in 1858, and cover an 
area of 12| acres. 

At the Regent Road Works there are two retort houses, containing 
together 212 through retorts, capable of carbonizing 237 tons of coal, and 
producing 2,370,000 cubic feet of gas per day. In the larger of these two 
houses the work of charging and drawing the retorts is effected by machines 
actuated by hydraulic pressure. The coal for use in this house passes 
direct from railway trucks into coal breakers underneath, where it is broken 
to a convenient size. It is then elevated and conveyed to the charging 
machines in the retort house by Woodward's conveyors, which tip the coal 
into hoppers on the charging machines ; and from these it is fed into the 
scoops which put it into the retorts. The average time taken by the 
machines in drawing the coke out of a retort and putting in a fresh charge 
of coal is one minute. 

The hydraulic power is obtained by means of a pair of high pressure 
horizontal engines, with cylinders 12 inches diameter by 15 inches stroke, 
driving two double-acting pumps 6} to 4} inches diameter. The hydraulic 
pressure employed in the machines is 1751bs. per square inch. The coal- 
breakers and conveyors are driven by two high-pressure horizontal engines, 
with cylinders 12 inches diameter and 18 inches stroke. The machinery 
was designed by Mr. William Foulis, Gas Engineer to the Corporation of 
Glasgow, and supplied by Messrs. Adam Woodward & Sons, of Manchester. 

There are two pairs of horizontal reciprocating gas exhausters, each pair 
capable of passing 80,000 cubic feet of gas per hour, driven by high- 
pressure steam engines with cylinders nine inches diameter and 20 inches 
stroke. The crude gas is first passed through a condenser, consisting of a 
number of horizontal pipes 10 inches diameter, of which a portion are 
exposed to the air, and the remainder immersed in water. It is here cooled 
to the temperature of the atmosphere, and then passes through two Livesey 
washers, where the tar is removed. From these it is forced through three 
tower-scrubbers 50 feet high and 12 feet diameter, to remove the ammonia. 
It then passes through six purifiers 30 feet by 30 feet, filled with lime and 
oxide of iron, where the remaining impurities are taken out. From these 
it goes tbroogh the station meters into the gasholders. 
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The ammoniaoal liqaor prodaoed at all the works is converted into 
Sulphate of Ammonia by means of a Feldman sulphate apparatus; last year 
14,000 tons of liquor were treated, and 1,250 tons of sulphate made. 

The water required for cooling and washing the gas, working the 
hydraulic machinery, quenching coke, &C., is obtained from an artesian 
well, which was sunk on the works by Messrs. Mather and Piatt of Salford. 
The well is 500 feet deep, and varies from 26^ to 15 inches diameter. The 
pump is 12 inches diameter by 36 inches stroke, and is driven through 
helical gearing by a horizontal steam-engine having a single cylinder 12 
inches diameter by 16 inches stroke. The well yields about 10,000 gallons 
of water per hour. 



OBITUABY. 



Lindsay Bubnbt was the second son of Mr. John Burnet, father of the 
architectural profession in Glasgow, and was one of the younger school of 
engineers, and had already made a name for himself in the construction of 
steam boilers, the special department of his profession to which he devoted 
his skill and his business abilities. The major part of his apprenticeship 
was served in the works of Messrs. Barclay, Curie & Co., Whiteinch, and 
finished with Messrs. T. Wingate & Co., Whiteinch, a firm, now defunct, 
who were well known for their extensive work in the building of steam 
dredging plant. For a short time, after the expiry of his apprenticeship 
term, he went to sea in order to get further insight into the business of 
mechanical engineering. Subsequently he settled in London for some 
time, and entered the office of Messrs. Bruce & Batho, civil engineers, 
Westminster. While residing in London he became a student in the 
engineering department of University College, where he had the benefit of 
instruction of a high order from Professor A. B. W. Kennedy. After a year 
or two Mr. Burnet returned to Glasgow, and about a dozen years ago he 
commenced business on his own account as an engineer, choosing more 
especially the department of boiler-making, for which purpose he erected 
the well-known works at Moore Park, Govan. A few years after he began 
the business, he was joined, at his own request, by a partner, in the person 
of Mr. Sinclair Couper, who had been a fellow apprentice with him. The 
business at the Moore Park Works was thenceforward carried on under the 
designation of Messrs. Lindsay Burnet & Co., and from these works there 
has been an extensive and constantly growing output of boilers and boiler 
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